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PREFACE TO FIRST EDITION 

Tnis book IS the successor to “ Electro Medical Instruments and their Manage 
ment,” which was published for the first time m 1892 

Since that time, the advent of X rays and the development both of that 
art and science and of electro medicine in general have made it necessary to 
divide the original publication in two, of which the one deals with X rays alone 
and the other ivith general electro medical work. 

In this, the X-ray section, I have endeavoured to explam the physical 
laws, the electrical and practical part, and especially the dosage, and I trust 
that it will be a help to many beginners and medical students 

I wish especiallj to thank my father, Mr K Schall, for the great amount 
of help and advice which he has gt\en me m the writing of this book 

W E SCHALL, BSc Lond. 

London, 1923 

PREFACE TO FOURTH EDITION 

When the first and second editions of this book hod appeared, it was thought 
that a new edition would be unnecessary for several years, but the rapid 
development m the current carrying capacity of the hot cathode X ray tube 
and valve about that time revolutiomzed the design of high tension generators, 
and very considerably modified radiographic technique A large new edition 
was, therefore, published in 1928, but this also has now been exhausted 

I ba\e frequently been assured that this book fills a gap, and have 
therefore, endeavoured to bnng its contents up to date 

The spark coil and its accessories are stiU described, since an understanding 
of their action is useful in appreaating the action of the modem closed core 
transformer The chapters on tubes, dosage, X ray physics, and particular!) 
on transformer units, have been considerably enlarged 

W E SCHALL, BSc Lond 

London, 

July, 1932 
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X RAYS: 

THEIR ORIGIN, DOSAGE, AND PRACTICAL 
APPLICATION 


chapter I 

THE ORIGIN AND PROPERTIES OF X RAYS 

HISTORICAL 

X RA^s ^ere discovered bv Professor Rontgen m ■\^u^zbu^g m December, 1895, 
whilst he was experimenting on the passage of electricit) through rarefied gases 

Daiy, m 1822 and Pflucker, in 1858, hod noticed tliot when two metal electrodes 
are sealed into the ends of a glass tube and connected to a source of electricity outside, 
which IS capable of supplying high voltage, the sparks which are produced between 
the electrodes undergo a series of 
changes jf the gas pressure m the 
tube is reduced 

When the air in such a tube 
IS icmoied till the pressure inside 
falls to about one hundredth part 
of an atmosphere, so tliat the 
mercury column of a barometer 
would ha\e dropped from 760 mm to 8 mm , the sharp edged crackling sparks (Fig 1) 
change to a furrj noiseless caterpillar like band (Fig 2) 

At a pressure of 1 mm of 
mercurj the diameter of the dis- 
charge has increased, till the whole 
tube appears filled with light The 
resistance to the passage of electncitj 
IS much less, and a spark which in 
air, would onl> just bridge a gap 
of 5 cm can discharge through n 
tube 100 cm long when the air pressure is thus reduced This phenomenon iras 
used by Geissler m makmg tubes of various designs which would light up when 
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c&cited electrically, and were known as Geissler tubes To-dav the same 
phenomenon is employ ed in the so-called neon tubes, which gi\ e a bnght red hght 
for advertising purposes 

'\\ hen the pressure is still further reduced a dark patch known as the Fa^ada^ 
dark space, surrounds the negatii e pole or cathode (Fig 3) a y et lower pressure 

the luminosity of the tube breaks up 
into a number of bands known as 
strn;, s\hilst a second dark space 
appears round the cathode It is 
knou-n as the Crookes’ dark space 
(Fig 4) 

Fi" htn the pressure has fallen 

to 0 001 mm or thereabouts the dark 
space round the catliode filb the whole tube to the exclusion of all lununositr, but 
non the glass walls of the tube bght up bnghOy wiOi a fluorescence the colour of 
which depends on the matenils 
which went to make the glass Soda 
glass produces the apple green which 
•s apparent in some X ra\ tubes, 
whereas lead glass shows a blue 
colour 

Hittorf, m I8fi0, disea\ered 
that the dark space inthm the tube 
under these conditions is not merely an emptiness, but that there is e\idence of ra>s 
which appear to come from the negative pole or cathode and are therefore called 

Cathode Rays Little attention was paid to them till Sir TTilham Crookes 
began his interesting experiments m 1879 The cathode rays are a stream of units 

of negative electricity to which the 
name eleetTons has been given The 
electron is so small that its mass is 
only the eighteen hundredth part of 
the mass of an atom of hydrogen 
Crookes showed by means of a tube 
with a cross which could be raised or 
lowered (Fig 5) that the electrons of 
which the cathode stream consists 
leave the cathode at right angles to 
its surface and fly m straight Lnes 
When the cross is raised into the path 
of the cathode stream it casts a black 
shadow on the fluorescent wall of the tube — ^thus showing at the same time that the 
fluorescence is due to the atoms of glass bemg struck by flying electrons 

The speed of these electrons vanes from one-third to four fifths of that of bght, 
and IS directly proportional to the electnc tension which is applied to the ends of the 
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tube IVhcn tJic cathode is g« ca the shape of a concave mirror the stream of electrons 
comerges to the focus rurthermore* it is deflected from its path by a magnet The 
catliode stream does not pass through matter e\cept to a very slight degree On 
striking an object like the glass wall of the tube, or the cross m Fig 5, etc , the electrons 
are stopped and tlieir energy is comerted More tlian D9 per cent of it changes to heat 
which explains uhj the glass ■nail opposite such n cathode rapidly becomes too hot to 
touch and maj c\ en melt and collapse The remainder (less than 1 per cent) is con 
\crted into 

X RAYS 

Wiile experimenting nith sucli tubes, Rontgen found that nhen the electrons 
of tlie cathode stream strike matter such as the glass nail of the tube, or better still, 
a metal of high atomic ncight placed m tbcir path inside the tube, the point of impact 
becomes the source of n new radiation These rays, though invisible to our eves, 
excited certain substances such as barium platino cyanide and calcium tungstate to 
Huorescence, and exerted the same effect on photographic emulsions as ordinary light 
They penetrated not on!) tlic glass unUs of the tube but other substances which are 
opaque to otdinarj light, like wood, ebonite, flesh, and, to a smaller extent, even metab 
Rbntgen called them X ravs 

The “ trousparenej " of various materials was found to depend on their atomic 
properties, their thickness and their densil) —and to a large extent on the penetrating 
poncr of the rays Aluminium, for instance, is about a$ transparent as glass but ten 
times more opaque than uatcr, nhereas lead is almost entirely opaque Flesh is more 
transparent than bones, the lungs flllcd vvitli air are more transparent than the heart 
filled mth blood , 

11 hen X rajs penetrate matter, a part of them passes right through and the 
remainder, tlic amount of which depends on the ‘ transparency " of the matter, is 
“ absorbed ’ The part vrhicli passes through is used by doctors to excite a fluorescent 
screen or to act on a photographic emulsion for diagnostic purposes And tlie part 
which is absorbed surrenders its energj, vrhich is converted into chemical, electrical, 
thermal, and biological effects and ogam serves the doctor as a therapeutic agent 

The degree of all these various effects depends on tlie quality and the quantity 
of the X rays It is evident that anyone who wishes to employ X raj's with success 
and without risk to his patient should studj both their nature and properties and 
Uie methods of producing controlling and measuring them 
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CIIAPTCR II 

THE X-RAY TUBE 

The appantus herewith «e produce X raj's consists of tv\o important and distinct 
parts (1) The X raj tube wherein the high tension electrical cnergj is conserted into 
X raj's, and (2) The transforming unit which concerts the electrical current from our 
supplj mams to high tension current of a form suitable to be passed tlirougli the 
X raj tube 

The original tjpe of X raj tulie was as we haie seen, a glass eshnder or bulb 
into whose ends were sealed two electrodes Air was pumped out until onlj a small 
residue remained and then the electric'll current which left the negatii e electrode as 
a stream of electrons (the cathode raj s) produced X raj's bj bombarding the glass wall 
opposite, or some metallic object placed m lU path Till rccentlj this onwiigemcnt 
was simplj called an X nj tube, but the coming of a special tj pc of such tube m which 
the negatu e pole or cathode is heated has gii en rise to the terms “ gas tube ” and “ hot 
cathode tube ” Abroad, the gas tube is gcnerallj known as the “ ion tube ” and the 
hot cathode tube as the " electron tube ” 

GAS TUBES 

The gas tube has pract icalh gone out of use It w as emplo\ ed with spark coils 
m the earlj dajs of X raj work but the hot cathode tube which is so much more easilj 
controlled, has superseded it Astudv of it is, however, both interesting and instructive 



The classical form of an X rav tube is shown in Fig C, and consists of a spherical 
glass globe from which project two necks at opposite ends of a diameter Into one of 
these IS fmed an alummium stem cairjuig a concave disc, also of aluminium, so placed 
4 
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that It IS flush with the circumference of the glass globe This is the cathode or negaln e 
electrode Into the other neck is fixed a stem carrying a block of copper faced with 
tungsten or platinum This is the posib\e pole or anticathode, and it is placed at the 
centre of the glass bulb The radius of the concantv of the cathode is such tliat its 
centre or focus bes on the surface of the anticathode, and the face of the anticathode 
makes an angle of 45® with the axis of the cathode neck Jlost gas tubes ha%e two 
further glass necks fixed somewhere on the bulb “ behind ” the anticathode One of 
these contains >et another electrode known as the anode, which series for manufactur 
mg purposes only, and of the other, which is used for regulating the vacuum and is 
called the regenerating deuce, we will speak Hter In Fig C the full lines denote 
X rays and tlie dotted lines cathode rays 

If we connect the ends of such a tube to a source of unidirectional high tension 
current, we will find that at a certain \oltage, depending on the degree of evacuation 
of the tube, a current wnll pass, givmg rise to X raj*s 

E\en to daj, the actual process inside the gas tube is a bttle obscure, but the 
following explanation is probably reasonably near the truth As the \oltage on the 
electrodes is increased, a point is reached where a slight discharge of electrons from 
cathode to anticathode begins These electrons colbde with the atoms of residual gas 
in the tube and lonme them That is to soy that, by collision, they detach from the 
clectncall) neutral atoms some of their constituent electrons (see also p 54) lea^ ing 
positivel} charged ions and free electrons These free electrons when tlic> are neir 
the cathode, arc MolentI> repelled from it and flung towards the anticathodc The 
positise ions, on the other hand, areattracted towards the cathode, which thej hombard, 
but at much less lelocitj than that with which the electrons flj awaj lichen the ion 
strikes the cathode it maj detach electrons from the metallic atoms there and again 
become a neutral atom, or it may e\en knock complete metaUic atoms out of the 
cathode, thereby causing the disintegration of the latter The electrons which are 
thus detached from the cathode are replaced by the electric current which flows to it 
from the high tension apparatus outside the tube The ^ alue of the % oltage at which 
this slate of aflairs sets in is called the ionization potential The ionization potential 
IS the higher the less residual gas is present, because less atoms endentU offer less 
chance of ionization hv collision to the few electrons w hich lea^ e the cathode and start 
the lomzation and until ionization sets in i e , while the only current that can flow 
consists of the few electrons which happen from otlier causes to be present in the gas, 
the tube acts as a high resistance 

As the \ oltage is raised abo^e the ionization potential the amount of ionization 
IS increased, that is to say , more electrons become a\ ailable for the cathode stream and 
therefore the current rises The reason is that increased a oltage means increased 
speed of the fly mg electrons, and this m turn means both more uolent and more numerous 
collisions — resulting m y et more electrons 

e therefore get a considerable interlinking of phenomena in the gas tube 
Tlie degree of eaacuation of the tube detcrRiines the voltage at which the tube com 
mences to work Both the degree of evacuation and the voltage togctlier determine 
the amount of ionization, i c , the current 

5 
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hen the electron reaches tlie anticathode it is suddenl\ stopped and its cnerg% 
of motion (kinetic energj) is converted into X ra>*s and heat. Less tlian 1 per cent 
IS con\ erted into X raj s, whilst the rest is absorbed in raismg the tempemture of the 
anticathode The faster the electron lias been flj mg, Uie shorter is the wa\ e length 
of the X rays which are produced, i e , tlic more penetrating or harder is the radiation , 
and the slower the electron was fljing, the longer is the wa^e length (less penetrating 
or softer rajs) 

\ tube with much residual gas (low vacuum, soft) will commence to work at 
a comparatnelj low >oltage and will produce long wave, sbghtlj penetrating X rays, 
as a result of slow monng cathode stream electrons A tube with httle residual gas 
(high vacuum, hard) will require high loltages to start it, and will give off short waie, 
highlj penetrating X rajs because its cathode stream has great %elocit\ At anv 
gi\en voltage, the soft tube mil pass more current than the hard tube 

One further phenomenon of the gas tube remains to be described Some of the 
electrons of the cathode stream arc not brought to rest in the anticathode but appear 
to be reflected from it in all directions Thej radiate outwards and strike the glass 
wall of the tube all o\ er the hemisphere situated in front of the anticathode. Thev 
cause the glass to fluoresce with a characteristic green colour and set up X raj's at 
the spot where thej hit the glass Thej probablj find a home after the impact in 
positive gas ions which thei Uierebj convert into neutral gas atoms Thej warm up 
the gloss iiall, but the heat so generated is small and not dangerous to the tube, because 
the electrons m question are monng comparatnelj slowlj after lianng been reflected, 
and are spread o\er half the X>ray bulb 

The Design of Gas Tubes —Gas tubes all resemble Fig C m the most impor- 
tant features, but a considerable lanetj of design m detail has arisen witli a view to 
satisfving the one or other need The cathode is oluaj'S made of aluminium, because 
It IS found that metals of low atomic weight disintegrate least when bombarded bj 
the positiv e gas ions 

The metal of the anticathode must be of high atomic weight and specific granU 
m order that it maj arrest the cathode stream suddcnlj and so produce X raj's More- 
over it must ha> e a high melting point so that it shall not suffer from the intense heat 
at the focus of the electron stream Platinum used to be emploved for the purpose, 
but latelj tungsten has come into unnersal use, because alUiough its atomic weight 
IS less, its meltmg point is higher, and with the increased output of modem high tension 
generators this became the more important factor 

The heat which is produced in the anticathodc is remo\ ed m a varietv of ways 
In one case the tungsten disc is soldered on to a massn e block of copper, which is a good 
conductor of heat and whose specific heat is so high that it can absorb much before 
its temperature rises In other tubes the tungsten disc is backed bv a comparatnelj 
small block of copper which is connected b\ a copper rod to a fin radiator outside the tube 
In let another type the tungsten disc forms the bottom of a cilindncal vessel 
which takes the place of the anticathode neck and is filled with water The heat 
generated bj the cathode rai s brings the water to boilmg point and is carried awav m 
con\erting water at 100° C into steam at 100° C , the anticathode therebj remaining 
6 
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at this temperature The advautaje of tJus tpiII be seen when we remember tliat whikt 
only SO calones are ctnplos ed in mising 1 gtm of water from 20'' C to 100® C , 539 calories 
are necessary to convert tliat gramme of water at 100* C into steam at 100® C Tlie 
Iroihog water anticathocle thus ensures a much steadier temperature ivitb more constant 
air pressure conditions inside the tube 

The heat question becomes more difficult if the anticatJiodc is exactly m the 
focus of the catliode The cathode rays then converge in a sliarp point, and the heat 
may become so great there that e\cn tungsten will melt and a httlc cavity be formed in 
the surface of the anticathodo But if it is placed a little inside the focus, so that 
the cathode rays arc spread oi er a cjtcIc of a few mm diameter, the heat is more evenly 
distributed and the surface remams smooth For therapeutic purposes it js not 
necessary to Jiave a sliarp focus, and a blunt one of about 5 mm diameter is therefore 
invarinblj preferred, but for tubes intended for diagnostic purposes a fairly sliarp 
focus IS necessary It should not exceed 1 inm m diameter, otherwise the outlines 
of the shadows will become blurred For some purposes, for uistance for examining 
fractures, or for finding foreign liodios like bullets, this would not matter much, 
but finer details disappear if the outlines are not sharp (see p 129) 

In tubes ■which are intended fo# prolonged therapy even the cathode becomes 
heated owing to the continued bombardment by positive gas ions Cathodes in such 
tubes arc often fitted with fin radiators as well 

It adds to the smooth running of the tube if we connect the anticathodo and tlie 
anode terminals by a spiral of wire 

Ghatigos taking place In the Gas Tubes — It has already been mentioned 
tlint the quality of the rays, i e , the penetrating power, depends partly on the degree 
of evacuation Tins docs not remain constant Tlie currents discharging tlirough 
the tubes produce changes which mnuence and vary the gas pressure If the current 
med IS strong enough to beat the anticathode considerably, gases which are embedded 
m the pores of the metal become Iilwrated and increase the quantity of gas in the tube, 
thus making the lattersofter If the anticatliodc consists only of a thin disc of metal, as 
in water cooled tubes, or if the gases embedded normally in metals have been purposely 
expelled by making the anticathodes incandescent for some time during the process of 
evacuation there is not much nsk Hint the tubes will become softer, but new tubes 
containing much metal winch is still full of the normal amount of gases contained m 
mctali have a great tendency to become softer, and witli such tubes prolonged exposures, 
or short exposures mth very strong currents, should be avoided If serious mistakes 
are made in tlus respect, the tubes may become so soft that they show a purple colour 
and are useless Such tubes have to be rc-cxhausted before they can be used again 

After some exposures with moderate currents, the tubes mil gradually become 
fit to stand stronger currents and longer exposures Tliey' can be “ seasoned ” to 
stand strong currents by connecting them rejieatedly at intervals for a few minutes 
with a moderate current, whicli must not be so strong as to make the tube softer 
ith some patience tubes can tlius be trained to -stand currents of 20 M A for ov er 
thirty seconds at a stretch without suffering liann 

If the anticathode has been raised to a high temperature during or before the 
7 
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process of cTOcuation, the tubes have no tendency to become softer e\ en with fairl\ 
strong currents 

■Whilst the generation of heat softens a gas tube, another process goes on simul 
taneouslj winch tends to Iiardcn it Some of the molecules of residual gas are tied 
to the glass walls of the tube or to metal parts wiUnn the tube b\ Uie electrical forces 
which are at norh, and their disappearance increases the %acuum, thereb> raising the 
resistance of the tube and making the raj's harder 

This process is a vcr\ slow one wiUi well-constructed tubes and electrical 
apparatus, but finallj all tubes are bound to become too hard to lie of an\ use ^ er\ 
weak, currents which do not warm the anlicalbode perceptibh lend to make the tubes 
hard prematurelj Such weak currents are not at all an economy, as manj imagme, 
and should be a^ oided 

These changes become more promment when the diameter, i c , the cubic 
capacity, of a tube is small , it is therefore an ad\ antage to use tubes with bulbs of 
fairlj large diameter , an 8 m bulb has a cubic capacilN four tunes as great as a 5 in 
bulb Tubes with bulbs larger than 8 in have been tried, but hasu not proved to be 
a success, because the protecting boxes enclosing them become unwieldv and too hea\*v 
Normal Current — ^Tlie vacuum will remain constant if the quantity of gases 
which IS liberated is as great os the quantitj whicli is being used up i e , if the tube is 
worked with its “ normal " current, A imUiammeter is most coniement to find out 
whether a tube has its correct “ load ” K the index of the nulhammeter has a tendenev 
to fall, the tube is growing Iiardcr , the current used is too weak and should be increased , 
if the milliammeter has a tendenej to nse, the current is too strong for the present 
conditioner tlic tube, it is becoming softer and the current should be reduced If these 

indications of the milliammeter are ignored the vacuum will change and failures owmg 
to wrong penetrition and e\-posure vrill be frequent, and the hfetunc of the tubes mav 
be shortened Tlic noimal current which each particular tube will stand should be 
known, and it can be written on a piece of stamp paper pasted on the neck of the tube 
The latitude m the normal current and the constancj of the tubes is much greater 
now than it was in the earlj years of X raj work 

Kegeneration of the Tabes — \11 gas X 
rav tubes are provided with some arrangement 
which allows the penetrating power to be lowered 
This can be done m various wavs 

First, the temperature of the anticathode 
can be raised slightlv by foxemg a strong current 
through the tubes for a short time 

Secondly, manv tubes have a small palla 
dium tube projecting through the neck (Tig 7) 
This metal has the peculiarity that it allows 
hj drogen to pass through wlule it is incandescent, 
a proces which is called osmosis The palladium 
tubes are heated witii a small spint or gas flame, but care must be taken mot to overdo 
it The flame can also be ignited from a distance, or can even be lit aulomat-callj 
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•«lien the tube becomes too hard In sudi cases the burner is placed bclon the palla 
dmm tube, and as soon as tJic current falls bclo« the correct \ nine, gas is allowed 
to fion through the burner, and is ignited bv small sparks nhich discharge contmualh 
betneen the burner and the palladium tube The tube becomes softer, and ns soon 
ns the current through it Ins again reached the right \alue the gas tap is closed 

Other tuJjes Jiaic n small cjhnder attoclted to the bulb (Ttg 8) containing some 
ouiUble chcmicah which liberate gases when heated Two thin wire rods arc attached to the 
terminals of this cylinder, and can be lowered so tliat thej Come near the terminals of the 
calhcxle and antic-ithode , when tlic distance is short enough, the current prefers to discluirge 



through this olmder, because the resistance of this path h smaller than that of the much 
longer gap between cathode and onticathode Tlie heat produced b> the cutrenv liberates some 
gnsa occluded In the cliemtcals The tchIs can also be left so tliat the distance between their 
ends and tlic terminals of the tube is about half tlie kngth of the cquiswlcnt spark As soon 
as the tube begins to grow liardcr, sparks discharge bctwc-cn the tube neck and these rods 
until the sacuuni has been lowered a trihc 

lo make the tulxrs harder, a weak current con be parsed through them for some 
20 or SO minutes If this is not sufficient, repeat it after a rest of an hour or more 
The process is sure to succeed, but lubes which are much too soft of course require 
greater pcrsocranee than those m whitli only a little hardening is wanted Tubes 
become harder quickly if the current is allowed to discharge in the wong direction, 
but tins must be asoidcd for two reasons First, the cathode rays which now start 
from what normallv is the anticalhodc will strike the glass wall opposite and rapidly 
raise its temperature so high that it melts, thereby destroying the tube SccondK, 
if the current is too small to have this destructue effect it will, at least, disintegrate 
the anticathode as mentioned abo\ e and cause n metallic deposit on the tube w all w hicli 
will seriously absorb X ray’s 

Treatment of the Gas Tubes — Tlie lubesshould be free from dustand damp, 
othervise sparks may discharge outside the glass and this will occasionalh lead to a 
perforation and destruction of a tube 

The distance between tube and electrical apparatus should not be less than 5 
feel, better more If tlie distance is too small, the magnetism of the iron core may 
deflect the cathode rays, so that the focus wanders about on the anticatliodc, and 
blurred outlines on the negatise will be the result The lube should not be clamped 
tootmhtly intlieholdcr,nslheglns5is\eij thin Tlit wires should be fastened securely, 
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so that thej cannot possibh fall out of the e^elets of the tube, for a veir severe 
shock Tvould be the result to patient or operator if a wire became free, and in swin^mj 
about came m contact with the patient, or couch, tube stand, etc. It is best to lead the 
wrires from the electrical apparatus along the ceiling on suitable insulators, and then 
rerticalh down to the tube If thej hare to be stretched! honzontall\ from the high- 
tension apparatus to the tube, they should be at least 8 feet above the ground, that 
nobodj moving about m the room while it is dark can come in contact with a wire 
Lack of care in this point might result in a dangerous spark or the destruction of 
the tube The wires from the terminals of the clectnc apparatus must lead from the 
positive pole to the anticathode, so that the current passes through the tube in the 
correct direction 

The space behind the antjcathode should remain dark. There should be no 
flickermg There should be a sharp df^ston hetxe^n the lumtnotis and the darl. half 
of the tube, and no fluorescent rings m the dark part (thej are due to rex erse current) 
(see page 24) -As long as the current used is too weak for the particular tube, there 
IS no sharp division, and the milliammeter will not come to rest as the tube is graduallx 
becommg harder 

If the current used u too strong, the tube shows a x erx bnght green light, and 
the anticathode has a tcndencx to bewme incandescent. 

TVith a good tube, the normal current may be exceeded for instantaneous 
exposures exen 100 times, or about 10 times for exposures lasting no more than ten 
seconds, xnthout fear of injuring the tube, but if it is exceeded for exposures of long 
duration, the tube is LkeK to become soft, or e\-en useless if this centime 
for too long 

When a tube is remoxed from the stand while it is >et xvann, it should not be 
laid on a cold surfree It is best to suspend the tubes in brackets fixed on a wall at 
such a height that the lowest ends of the tubes arc full> C feet abox e the giound- 

If treated witlx reasonable care, good modern tubes wdl have a lifetime of some 
500 workmg hours With carelessness, or want of skill, exen the best tubes may, 
howex er be destroj ed in o short time 

Oscilloscope Tubes — The p-esence or absence of rex erse current can be proved 
best by an oscilloscope tube This consists of a glass cylmder, 6 to 9 in. long, closed at 
both ends, into xrhicb two aluminium xnres are sealed xnlh onlv a small gap between 
them (Fig 9) The tube has to be evacuated to a certamd-gree As long as the current 
discharges in one direction onlx, the xnre connected xnth the negatixe pole shox^ a 



Fig 5 

purple fluorescence, and the length of the fluorescent band is m proporbon to the 
strength of the current used Of the second inre, onlv the point shows a iaint 
light. But if each xnre becomes alternately the positive or negative pole, as will be 
the case when reverse current appears, both aluniinium wires xrill show fluorescent bands. 
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HOT CATHODE TUBES 

The gas tube is unstable and unreliable Its production of X raj s depends on 
its gas content, and this is a verv \ariable factor The desire, therefore, arose earlj 
in the history of X rajs for a tube in which the production of the cathode stream is 
independent of the gases which remain after evacuation 

The worh of Richardson on the emission of electrons by hot bodies and its 
application to X rav tubes b\ Coolidge, ha\e soUed the problem 

It was found that if a tube is exhausted as completelj as possible, no current 
will pass from cathode to anticathode 

when both electrodes are cold but f« 0 M 

that If the temperature of the cathode 
is raised to mcandescence, electrons 
become available and a current mil 

pass m one direction, i e , from / \ 

cathode to anode, if a high \oltage p CT=.=- ; ^ ri 

IS applied ^ I I 

Two roam types of hot cathode ^ 5 3 

lubes axe in use to daj , the Coohdge § » 

and the self protected The funda I 

mental principle is the same in each 

In Pig 10 we see a diagram of the Coohdge tube A spiral of wire, which 
serves as cathode, is heated to incandescence by means of a current of about 
4 amperes at 12 lolts Opposite this is an anticitbode, similar to that in a gas 
tube but consisting of a solid bloch of tungsten High tension is applied to these two 
electrodes, and a current then flows from cathode to anticathodc 

The heating current is usuallj obtained from a transformer operated bj an 
aUemaVing supplj , but it can also be 
s furmshed b> accumulators or a direct 

S current djmarao Whatei er the source is, 

s it must be carefully insulated from eartli 

( and the mam supplj, since the cathode is 

I connected to one pole of high tension 

I unless tins pole liappcns also to be earthed, 

I ns IS the case in a few tj 7 >es of simple 

I high tension generating plants 

When we heat the cathode spiral to 
io « c’s t'9 » CO M n IIP EflTCiTj a particular temperature and applv high 

pj„ jj tension to the tube, we find that as wc 

increase t!ic voltage from xero upwards the 
current which passes tlirougU the tube rises rapidlj as in the cune in Fig 11 till it 
reaches a maximum Beyond this there is no increase in current no matter how much 
we raise the voltage Tins current is called the saturation current at the particular 
temperature, and is due to the fact that all available electrons emitted bj the cathode 
at that temperature are being flung at the anticathode 
11 
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If, on the other hand, ^ve keep the ^ olta^ constant and increase the tcmperatyre 
of the cathode bj increasing the heating current, we find that the milliamperage 
through the tube rises \crj rapid]} as in the 
cur\ e in Fig 12 

Provided, therefore, that we work at 
saturation current, we can control the speed 
of the cathode stream, and tlierefore the 
•naie length of the resulting X rajs, b} 
altering the voltage applied to the tube 
And we can \ar} the quantit} of the cathode 
stream, i e , the milhamperage and therefore 
the intensit} of the X raj’s, by altering the 
heat of the cathode, t e , the amount of 
heating current 

The tno factors are mdependent of 
each other, and therein lies the great ^alue 
of the hot cathode tube 

A result of the absence of gaseous 
molecules, and ionization of the same by 
collision, IS that the glass wall of the hot 
cathode tube does not fluoresce— it shows 
no sign of current passing The reason is 
that the electrons which are reflected off 
the anticathode to the wall of the tube 
TEMPERAI\JR&*C immediatelj charge tins negativel) because 
Fig 12 lliere arc no positne gaseous ions with which 

the}’ can combine This negati\e cliarge 
repels any more electrons and so preaents the bombardment of the glass and the pro 
duction of fluorescence 

A second result of tins is, 
however, that the electrons which are 
reflected off tlie anticatliodc and 
wbicb. -KiiiiJA Tsukvika «5MJw:as4\ ka 
glass are turned back on to the 
anticathode m paths similar to the 
dotted lines in Fig 13 Thej bom 
bard the sides of the anticathode, and 
though their velocit} is much less than 
that of those which fly from catliode 
to anticathode, thej are still able to Y,g 13 

produce X ravs where they strike 

the tungsten In the Coolidge tube, Ihocfore, the -nhole block of anticathode metal 
gives off X raj^ in all directions, a fact which can readilj be verified bj a pm hole 
camera or bj a fluorescent screen erected behind the tube The mtensitj of the 
12 
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X rays from the focus is of course much in excess of that from other parts of 
the anticathode 

Fiuallv, it must be noted that as the catliode m a hot cathode tube is not bom- 
barded by positnely charged gas ions, its temperature does not on this account rise 
abo\e that due to the heating current esen after prolonged use It uiU, honeier, 
rise a little owing to iieat radiated from the anticathodc, when the latter has become 
red or white hot owing to cathode ray bombardment, and this will cause a slight increase 
in tlie miUiampSrage which must be wabhed, particularly m therapy 

THE DESIGN OF COOLIDGE TYPE HOT CATHODE TUBES 

It IS in the nature of the hot cathode tube that there are only tno necks sealed 
into the bulb, one of which carries the cathode and the other the anticathodc No 
auxiliary anode is necessary during manufacture, and the regenerating device is absent 
for the obi lous reason that there is no gas pressure to be adjusted 

The Coolidge tube (see Fig 10), which was the original tj'pe of hot cathode tube, 
IS therefore similar in external appearance to the older gas tube, but without the tno 
attachments referred to aboie It differs from the gas tube m the shape, size and 
position of its cathode 

The cathode m this original form of Coolidge tube consists of a spinl of nire, 
the tiio ends of which arc brought through the cathode neck to a tuo pm plug for 
connection to tlie suppl> of heating current Tlic spiral itself is surrounded bj a short 
cylinder of metal nliicb is connected to it and therefore electncallv at the same potential 
The object of this is to focus the stream of electrons nliich leaves the cathode H itli 
out this cjlmdcr these electrons would tend to fl> m all directions (Fig 14) The 



cjlmder, howeier, is negatiielj charged like tJie electrons themsebes, and so the 
latter arc forced into a bundle as near the axis of the tube as their quantities mil 
permit (lig 15) 

Since the spiral cannot be given a true concaic form uhich uould bring tlic 
cathode rays to a sharp focus, and, raoreoier, since tliere are no gas molecules which 
loave to be bombarded to produce electrons, the cathode in tliese tubes is pbeed close 
to the anticathode 

In spile, howeiCT, of the cjhivdcr, and the ptoxmutj of the two electrodes, 
the focus of the cathode raj’s on the anticathode is a comparatuelj broad one in the 
older tn>c of Coolidge tube Jloreover, the greater the current m the tulw, the more 
duergent becomes the bundle of cathode rajs and the broader the focus This fact 
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IS very detrimental to the sharpness of the shadoirs which are obtamed on the film, 
but it does not matter where therapy is concerned 

The difficulty has been o^ercome bj an ingemous mvenbon due to Goetze, 
which IS known as the line focus The hot filament is made m the form of a long tbm 
coil of wire (Fig 16 A) which produces a focus m the form of a long narrow hne on 



Fij 10 

the anUcathode (Fig 16 s) This would be useless for radiography if the anticathodc 
were still at 45* to the a-vis of the tube, because though the focus would be foreshortened 
to half Its actual length, it would still be much longer than it is broad and would throw 
sharp shadon s m one direction and blurred ones in a direction at right angles Goetze’s 



suggestion howei er, mclnd^ placing the anticathode face more nearlv at right angles 
to the axis, so that the long focus is foreshortened mto a rectangle of approximatelj 
equal sides In Fig 16 we see the actual appearance of the focus (B) and also what at 
looks like when seen from the direction of the film (Fig 16 c) 
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There is an upper limit to the amount of energj whereiMth we can bombard 
unit area of the anticathode and it is 200 watts per sq mm The adrantagc of the 
Ime focus is that we have increased the area of the focus and therefore the amount 
of energy uhich can be passed through the tube, without increasing the apparent area 
as seen from the film and so diminishing the definition which can be obtained 

Coolidge tubes like gas tubes have been biult in a ^anetj of shapes to suit 
different purposes but the fundamental prmciplc remains For instance in tubes for 
dental radiographj the axes of cathode and anticathode are at right angles (Fig 17) 
The tube can then be brought close to the patient s face witli impunit\ more especially 
since the negatn e end of transformers for dental purposes and tliercfore also the cathode 
of the tube are earthed i e at the same potential as the patient 

Fm radiator and water coobng of the anticathode has also been adopted m some 
types of Coobdge tube particularlj in those which are to act as their owm \ ah es m 
suppressing the renerse half ejele of the nonrcclified alternating current >\liich is 
supphed to them in nhich case a cold anlicathode is essential 

Tubes intended for therap> at ^er> lugh tension {200 ICV ) are constructed 
with long necks to prevent sparking o\et outside the bulb 

THE SELF PROTECTED TUBE 

During the last fen jeacs & considerable modiT cation in the design of Iiot 
cathode tubes has been made bj the introduction of the self protected tube Tlie 
spherical bulb whicli had become the normal m an \ ra\ tube lias gi\en place to a 
long glass cylinder the middle of which is surrounded bv a short cjlmder of brass or 
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steel Imed with lead In this short calmder is a small eircuhr opening through which 
X raj^ cmeige The ends of the glass mlinder which project bevond the middle 
metal cyhnder arc encased m sleeves of insulating material — cither bakclite or porcelain 
Tlie self protect ctl tube alreadv exists in a aanet\ of designs and makes for 
dilleient purposes The one which is most frequently employed m diagnosis is shown 
in Fig IS It IS equipped with a line focus and with fin radiator or water cooling 
15 
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The self protected tube emplo\s the same fundamental pnnciple as the Coohdge 
tube, namelj , a hot cathode -wluch is kept at high temperature bj a heating current 
of about 4 amperes at 12 ^olts 

It differs from the Coohdge tube in two important points In the first place. 
It IS not complctelj e\acuated but contains a residue of helium gas This faahtates 
manufacture and does not interfere ■with the working of the tube, because each atom 
of helium contains onlj two electrons which would be available for ionization bi 
bombardment When we remember that ov\gen and mtrogen atoms contain respec- 
ti\el\ se\en and eight such electrons, we see that a tube eontammg traces of 
helium will behave ^er^ much bke one from which all air has been removed 


The second characlenstic of the self protected tube is 

a t — ^ ^ — \ the lead lined c> Under m the middle Therebj the tube 

I J cames its own protection and its oim means for attachment 

r to tubestand couch or screening stand It requires no heavs 

1 protected bo\ with awkward means for holding the tube, as 

1 / was formerlj the case Indeed the self protected tube maj 

1/ not be operated in such boxes for fear that the static cliarges 

I jT S which accumulate within might spark into and rum the tube 
- J LZ The self protected tube lias therefore made a consider 

||7 I able difference m the design of such apparatus as tube stands 

' I J screening stands and couches, and it is sab to sa^ that the future 

of radiologx lies with theuseof some form of self protected tube 
Self protected tubes arc also emplo\ed for theraps 
^ ^ Their sliape and design for this purpose, differs from that for 

W*' •'7/ \ diagnosisonli mthelenglhofthetubc Greater length is neces 

O on account oflhe greater tension which is emplo\cd Inall 

1 1 other essentials the tubes for diagnosis and therap\ are the same 

THE ROTALIX TUBE 

II A special deielopment of the self protected tube is one 

I I I wluch has been designed b% Messrs Phibps and is equipped with 

I nr a rotating anode Mesawonp 15 that the quantitj of eneig% 

wfcrtrft csit be apphexi to the txmgsten sttrtkce of ffte anoefe xv 
I I stricth limited and mas not exceed 200 watt per square milh 

F g 19 metre ^lodem diagnostic techmque m chest work calls for such 

heai’j currents that the focus of a stationary anode becomes enormous if the maximum 
permissible load mentioned aboie is not to be exceeded A large focus howeier, 
produces a blurred picture even when the focus film distance is increased to six feet 
The Rotalix tube overcomes the difQcult\ b^ employmg an anode m the form 
of a truncated cone reiolving about a xertical axis (see Fig 19) The focus on this 
revolvmg surface is a Ime focus os in an ordmatx self protected tube, but owing to the 
moiement of the anode the surface on which the focus is formed is continual]\ being 
changed Thereby currents up to 600 at about 40 can be emploved infhout 
detriment to the metal 
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CHAPTER in 

THE PRODUCTION OF HIGH TENSION 

A STREAM of electrons tviII not fly from the cathode to the anticathode of an X ray 
tube and produce useful X rays until we have applied at least 25,000 volts to the eni 
of tlie tube We express tliese high electrical tensions m terms of kilo\ olts (K V ), 
where 1 kilovolt =» 1000 volts For diagnostic purposes we require from 25 to lOO 
KV» and for therapy from 120 to 200 IC V Moreoer tlie current through the tube 
must alwa>s flow m the same direction, so that one electrode is always cathode (—) 
and the other always anode (4-) 

The electric supply to our houses has a tension of 200 volts or thereabouts 
It never exceeds 500 volts and we must therefore adopt measures to convert it to high 
tension To do this we make use of electro magnetic induction, a phenomenon which 
was discovered and studied by Faraday and which forms the basis of all electrical 
engineering He found that — 

1 'NVhen a magnet is pushed into or withdrawn from a spiral of wue the ends of 
which are connected to a galvanometer, a current is registered so long as the magnet 



Fig 20 


IS movmg In Fig 20 the spiral of wire on the left is connected to a nuUiammeter 
On the right is shown a magnet with the Imes of magnetic force surrounding it When 
the magnet is pushed into the spiral of wire the number of Imes of magnetic force 
enclosed by the spiral is mcieasedi 

IVe say then that the intensity of the magnetic field enclosed by the spiral has 
been increased Wlien the magnet is withdmwn the intensity is decreased "While 
the magnet is actually in motion one way or the other, tJiat is, while the magneUc 
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mtensit} is changing, the milhammcter needle shoirs a current \Mien the magnetic 
intensitj is constant, no current flows 

2 We can re^ erse the process b\ passing a continuous current through a spiral 
of wire, which then beha\es like a solid magnet Tig 21 shows a spiral connected to 
a source of current, and tlie Imes of magnetic force are shown in dotted hues Tlie 
intensitj of the magnetic field so produced depends on the strength of the current, 
and on the number of turns of wnre, and is constant so long as the current is constant 
In addition, the magnetic field becomes \ctj much stronger if Uie volume within the 
spiral IS filled with soft iron 



Fig 21 


leuiKt or 
SU**VV 


Suppose w e take a core of iron and wind on it a )a^ er of insulated ware the ends 
of which we connect Uirough a switch to a constant suppl) of clectricitj Over this 
layer we wind anoUier lajer of insulated wire which has no electrical connection with 
the first, but the ends of which are attached to a mifliammeter (Tig 22) "When we 
close the switch, current will flow through the first l3>er of wire and will cause the iron 
core to become a magnet In doing this we raise the intensitj of the magnetic field 
withm the second coil of wire from zero to a maximum, and while this change is taking 
place a current will be registered on the milhammeter It e call the first winding the 
primarj and the second one the secondarj, the whole arrangement bemg known as a 
VtOTfitonrna- 'SVit c ctneift, tii ttie -prmrarj toiftnracs \t» fiow ste’idu'i\ so ^ong as 
switch IS closed, but the current m the secondarj onlj flows while the magnetic intensitj 
due to the pnmarj current is changing It stops when the magnetic intensitj has 
reached its maximum and while it remains there If now we open the switch we stop 
the current in the primary and Uierefore destroy the magnetic intensity m the core 
^Vhile this change from maximum magnetic intensity in the core to zero is gomg on, 
a current again is registered on the miUiammeter m the secondary 

The tension which is produced by induction on the terminals of the secondarj 
depends (1) on the rate at which the magnetic intensitv m the iron core changes i e , 
the rate at which the primary current rises from zero to a maximum, or nee versa, 
and (2) on the ratio of the number of turns of wire on the primary to the number of 
turns on the secondar\ 
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Two methods exist of varying the amount of the ptimaty curteat We may either 
employ a mechanical interrupter which will operate on a large scale like the switch m 
Pig 22, or else we may use tlie alternating current supply where the current rises to 
a maximum, drops to zero, and rises to a maximum in the opposite direction, at a fixed 
rate, generallj fifty times a second 

In the first case, we use a transformer which is generally knoivn as a spark coil 
and sometimes as an open iron core transformer It consists of a straight core of 
laminated iron on which are wound the primary and secondary, suitably insulated 
from each other In tlie second case, where alternating current is employed, we use 
a core w hich forms a closed loop of laminated iron, on which the primarj and secondary 
ore again wound This is called a closed core transformer 

The two tjpes of high tension generators are essentially different in action 
and will tlierefore be deilt with separately 

THE SPARK COIL 

Spark coils were for manj years the only form of high tension generating plant 
O' aiHble for operating X raj tubes They are now very generally replaced by closed 
iron core transformers because the latter are easier to handle As, however, there are 
many coils still m use and the coil has certain advantages m some cases, a stud} of its 
mode of action is not out of place more especially since it helps also to explain some of 
the bcliavnour of X ray lubes and closed core transformers 

The essential parts of a spark coil unit are the coil, the condenser, and the 
mterrupter The coil consists of a straight cote of laminated iron on which are wound 
some 200 turns of thick copper wire, which forms the primary Around this is placed 
a tube of thick insulating material on which ts wound the secondary This is made 
up of many thousands of turns of tbin copper wire either m horizontal laj ers or vertical 
sections 

If we send a current through the primary, the iron core becomes magnetized 
The appearance or disappearance of this field, or any change in its intensity, induces 
electric tensions of short duration in the secondary Their voltage depends on the 
rate of change of the magnetic intensity and on the ratio of the numbers of primary 
and secondary turns of wire 

The Interrupter has undergone many changes of design in the course of years 
In the early days of X ra> work, interrupters of small size were used They sufficed 
for the coils and tubes which were then available, but improvements in these two 
parts of the equipment made large secondary currents possible, and the development 
of X ray therapj brought about long exposures The small interrupters then used, 
frequently ran hot, sparked heavily, and hod to be cleaned They were replaced by 
large ones of more than ten times the current-Karrjing capacitj which could interrupt 
a primary load of as much as four kilowatts and would behav e as smoothl} and efficiently 
as electrical motors or dynamos 

The type which is most frequently vised now, consists of a cast iron pot A, on 
the Iid of which {see Fig 23} is mounted an electric motor with vertical shaft 
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Tills dnres a turbine (B) in the \esse], -which pumps mercurj up and spravs 
it out through two nozzles (CC) on to two copper contacts (DD) which hang dorm 
from the lid It will be obser^ed that while the turbine nozzles (CC) are opposite 
the copper contacts (DD) which are insulated from the hd, current can pass from the 
mam supph to the primary of the coil when the interrupter is suitably connected 
I^’hen the nozzles ha\ e been rotated further and are spraving mercurj against the wall 


of the pot, no connection exists 
between DD and no current can flow 
from mam to pnmar\ Two gas taps 
are fitted to the lid, so tliat coal gas 
can be introduced mto the pot and 
kept there while the interrupter is 
working 

In another tJTie llie motor is 
underneath and dni es a pear-shaped 
steel pot (sec Fig 24) on a vertical 
shaft. The pot (A) contains mercurv 
and parafOa which form two concentric 




vertical cyhnders under the action of centrifugal force when the pot is rotated. A 
fibre wheel (B) which moves easily in a horizontal plane carries two copper contacts 
(CC) and is suspended -with its axis eccentric to the axis of the driving motor The 
wheel thus dips through the paraffin into the vertical cylinder of mercury when the 
pot rotates The mercury pidls the wheel round, and ever\ time one of the copper 
segments establishes contact a current can flow from the mam through the copper 
sefmient and the mercury to the primary of the coil Durmg the rest of the revolution 
of the wheel, the current through the prnnary is interrupted 
20 




THE SPARK COIL 


The Condenser is a piece of electncil apparatus consisting of two metallic plates 
separated by insulating material No current can flow from plate to plate, but the 
whole arrangement can store an electric charge and give it out again when desired 
It IS connected across the terminals of the interrupter for a purpose which will be 
described directlj 

The general arrangement of h spark coil unit for direct current is showm in 
Fig 25 The ammeter (A) is an instrument on the switchboard for measuring the 
primarj current The total resistance of the primary circuit can be increased or 
decreased by means of the \anable resistance m the switchboard, whereby the 




strength of current which flows through the primary winding of the spark coil 
can be increased or diminished, and therefore also the output of the secondary 

The other items to note are the imUiammeter m the secondary circuit and the 
sphere gap Their function is described in tlie chapter on measurement of X rays, 
page 72 

In one particular spark coil umt which is intended exclusii ely for deep therapy, 
both the primar} and the secondary of the coil are divided into two parts, and these 
are placed symmetrically with respect to the intemiptet and the X ray tube In the 
diagram (Fig 26) PjPj are the two piimat) windmgs each on its oivn core, Sj and S, 
are the secondaries, and I the interrupter, C is the condenser and R the controUmg 
resistance There are two gas spark gaps m senes, one at each end of the secondary, 
whose function is to suppress the reverse current (sec page 24) which is readily produced 
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at the high tension for which this umt is intovded ^Vllen the ximt is emplojed with 
hot cathode tubes these spark gaps can be omitted In addition there are, as on the 
ordinarj spark coil plant (Fig 25), a sphere gap and a milliammeter 

Interrupters for Alternating Current were designed long after direct 
current apparatus were alread} known and in use It used to be customary where 
alternating current onl> was ai ailable to instal a motor generator consisting of an 
A C motor and a D C dynamo and then operate the spark coil unit from the D C 
supplj so generated 

The perfection of the sichronous motor made possible the use of A C through 
a spark coil unit without prenous transformation A sj chronous motor runs in unison 
with the alternating current in such a waj 
that ever} position of the spindle of the 
motor armature m its revolution cor 
responds to a particular point on the 
alternating current c}ele The zero point 
of ei ci} c} cle will alwa\3 find the armature 
moneoffourdefmitepositJons separatedbj Fig 57 

90“, and the maximum point of the cycle wflj 

find It in another one of four equall} definite spots It then the mercurj turbme denee 
of a gas mtcmiptef is ngidl} coupled to the armature, it is possible to arrange matters 
so that the primar} circuit is made when the A.C c%cle passes through zero and broken 
when It has reached its maximum The pnmary current curve then looks like Hg 27, 
and It will be seen that the direction of the current alternates — as we would expect— 
through the primarj This would produce secondarv break impulses of alternating 

direction if we emplo} ed one pnmary 




winding onl}, which would be useless 
The pmnarj is therefore equipped 
with two windings, so arranged that 
if current flowed altematelv through 
each in the same direction, they 
would magnetize the core m oppo- 
site directions and therefore produce 
secondary break impulses of alter 
nating direction 

la Fig 2S we see the two 
wmdmgs (I and H), one end of each 
of which IS connected to one pole of 


Acsmir 


NTtirwrix* 


the main The second mam pole 


Piir «g goes to a large common contact (Ci) 

in the interrupter The separate 
contacts (Cj and Cj) are connected to the other two ends of I and II In the 


half cycle (A) {Fig 27) the contacts Cj Cj are jomed and current flows through 1 
In the next half cycle (B) (Fig 27) the contacts Cj Cj are joined and current 
Dows in the opposite direction through U which however, is wound against I. 
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so that the direction of tlie resulting magnetization of the core is the same in each 
case The secondary impulses then are mudirectional It is interestmg to note that 
these alternating current spark coil units ■work almost better than direct current ones 
The reason may be the comparatively gradual increase m the primary current on make 


SELF-INDUCTION 

11 hen the interrujiter establishes contact a current commences to flow in the 
primarj of the coil and sets up magnebzation of the iron core This increase of magnetic 
intensity induces a tension of a certain voltage in the secondary, as we have seen 
At the same time, however, a tension, other than that of the main current, is induced 
m tlie primary because the magnetization of the core which lias been produced by tlie 
current in the primary vnndmg reacts on those same turns of wire IVe speak of this 
effect as “ self induction,’* and of the current so produced as “ extra current ” Its 
voltage depends, like that of the secondary current, on the rate of increase or decrease 
of the magnetic field of the core, on the number of turns of wire on the primary, and on 
the \ oltage of tlie primarj current 

The self induced voltage is directed against the primary current when the latter 
1 $ increasing, and tends to keep the primary current flowing when the circuit has been 
broken The action of the self induction is therefore always opposed to a sudden change 
in the magnetic “mten« 
sit) " of the iron core, it 
prevents the rapid rise of 
the primary current from 
zero to a maximum wlien 
tlie circuit is made by 
the interrupter, and it 
tends to keep the primary 
current lIoiMng after the 
circuit has been broken 
In doing so, it forms an 
arc between the mter 
nipter contacts vihen the 
break occurs, across which 
it keeps up the flow of current This arc is known as the " breaking spark,” and 
the current which floo’s as the “ extra current ” 

By fillmg the interrupter with gas or paraffin and by aixangmg that the distance 
between the contact and the mercury increases tapidl), after break, we endeavour to 
extinguish tlie breaking spark at once and so make the interruption as sudden as possible 

We reduce the breaking spark still further by placing a condenser across tlie 
terminals of the interrupter — as noted above The extra current now no longer 
bridges the gap between the interrupter contacts in the form of an arc but rushes into 
the condenser and charges it up 

At make, the pnmarj current rises to a maximum slowly, at a rate depending 
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entirely on the self induction of the primary winding and be\ond our control At 
break we can and do use artificial means to reduce the current to zero as suddenly as 
possible 

The pnmarj current therefore uses and falls like the cur^ e a in Fig 29, where 
time is measured on the horizontal axis and the \ aJue of the current verticalli 

Now we base learnt that the secondarj soltage, due to induction, depends on 
the rate of change of magnetic intensity m the core (i e , of current in the pnmarv 
windmg), on the ratio of the number of turns on priraarj and secondars , and on the 
voltage which is impressed on the primao The last two factors are constant m 
any particular case, but the rate of change of the pnmary current is slow at make 
and very rapid at break Wethereforegetaninduced\oltageatthesecondai:5 terminals 
which rises and falls like cunc b in Fig 29 Moreo\er, it has one direction at make 
and another at break 


REVERSE OR CLOSING CURREOT 

It will be seen that the secondar> impulse at make is slight compared with that 
at break The current through an X ray tube must always flow m the same direction, 
and therefore we arrange matters so that the break impulse is the one which generates 
X rays The make impulse, which is also spoken of as “re\eise” or ‘dosing” 
current, must be suppressed, as it is harmful to the tube ‘When cods, intenupters, 
and condensers are properlj designed and matched, this reverse current is so 
much weaker than the break impulse (see Fig 29) that for all ordinary diagnostic 
purposes it cannot overcome the resistance of the tube and is suppress^ It does, 
however, rise to unpleasant strength when the coil is called upon to give large currents 
m diagnosis or kiloioltages from 150 to 200 m therapj through gas X raj tubes (see 
page 4), and then artificio] means must be used to suppress it completely 

THE SUPPRESSION OF RE\T:RSE CURREhJT 

When hot cathode tubes are cmploj ed no other device for suppressmg reverse 
current is noxssarj Tfaej have the property of permittmg the current to pass m one 
direction onij and act as their own reverse current suppressers within certain limits 
(see page 11) 

A gas tube, on the other hand lets current through either wa\, when the 
voltage exceeds the ionization potential (see page 5) and where reverse current is 
present m quantitj , owing to the use of heavx currents for diagnosis or high \ oltages 
for therapj , it can be suppressed in one of three waj's 

The Spark Gap — ^Before the use of sphere gaps (see page 77) became general 
spark coils were eqiupped with two disdiarge rods to one of which was fixed a pomt 
and to the other a plate The distance between pomt and plate was variable and served 
as a measure of the \oltage obtaiimble from the secondary The reason whv point 
and plate were used instead of two points lay in the fact that such a gap affords an 
means of dcterminmg the polant\ of the toiI So long as the point is positii'e 
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and tJie plate negative, sparks discharge easily from the centre of the plate to the point 
(Fig 30) If, howe%er, tlie point is negate and the plate positne, sparks will not 
discharge at all readil> , there is considerable resistance to the don of current, and when 
thev do occur thej pass from the point to the edge of the plate (Fig 31) This pheno 
menon was used as a means of suppressing reverse current A point plate gap nas 



rig so 



inserted in the secondary circuit so tliat the plate was connected to the negatn e pole 
of the coil and the point to the cathode of the tube (Fig 32) Current could then dow 
easily so long as the proper pole was negative A reverse impulse, making tins 
particular pole positive and the other one negative, was suppressed Spark gaps are 
only useful for currents up to 10 ^f A Aboie this, other means must be emploied 


The Mechanical High Tension 
Vohe consists of a rod which is flxed to the 
end of a spindle of insulating material 
attached to the a\!c of the interrupter 
motor Tlus rod is rotated between two 




points to which the circuit leading from the secondary to the tube is connected IVhen 
the rod is in line ivith these points, current can flow by bridging the two small gaps 
betneen points and rod ends as sparks TTben the rod has been rotated 90% current 
cannot pass in the secondary circuit The rod is set so that when the pnmary current 
is being broken m the interrupter pot below, the secondary circuit is bridged but 
at the moment of make tlie secondary circuit is broken The break impulse can 
therefore pass through the X ray tube, but the make impulse is suppressed (Fig 33) 
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The Gas High Tension Valve is a glass bulb similar to an X raj tube, but 
instead of a cathode and anticathode of the usual pattern, it has an aluminium cjlindcr 
for one electrode and an aluminium stem inside this cj Under for the otlier (Fig 34) 
So long as the cjlinder is negntive or cathode the electron stream can leave it in 
all directions — both outwards and inwards — ard the current can flowthrough the tube, 
but when the stem inside the cjhnder becomes negative and the cjlmda positive, 
the current is suppressed This is because the electrons on leaving the stem can onl} 
fly outwards to the inside of the ejlmdcr iTiev accumulate there and set up a static 
ncgatii e cliarge which resists the passage of further electrons from the stem to the 
CJ Under The gas valve tube therefore suppresses the current in one direction^ It 
must alwaj s be connected in circuit so tliat the cj tinder is attached to the negative pole 
of the coil, and the stem to the cathode of the X rav tube These gas valve tubes are 
generallj equipped with some form of regeneration (see page 8) They should be 
regenerated when their equiv alent spark gap exceeds 2 cm 



Fig 34 



Fig 3d 


The Hot Cathode Valve Tube is a development of recent years It is based 
on the propertj of hot cathode tubes, whidi we discussed on page 11, of permitting the 
current to flow one waj onlv, namely, so that the hot electrode is negative and the cold 
one positive The hot cathode valve differs from the hot cathode X ray tube in that 
its filament is worked at a higher temperature, the cathode rays from the filament are 
not brought to a focus, and the anticathode is a large sheet of some light metaL The 
high temperature of the filament ensures a copious supplj of electrons, so that the 
resistance of the tube is small — 1000 volts are sofiicient to pass the current through it 
As a result the electrons flj comparativelj slowly and therefore there is no danger 
of the anode metal heating up — an occarrenTC which may not take place because it 
would mean the loss of the valve action of the tube The hot eatliode valv e tube must 
be worked at the filament current indicated on the tube If less is used the resistance 
SO 
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of the tube rises, higher % oltagcs become nccessarv , the electrons fly faster, and X in\ s 
vnll be produced Tlus is taking place when the glass walls of the tube fluoresce — a 
condition nhich must be aioidcd 

These hot catliode \al\es are constructed in various sizes — according to the 
tension of tlie re%erse impulse nlach they must suppress In Fig 35 wc see one m 
circuit with a gas tube For spark coils and diagnostic transformers, small tubes 
suppressing 100 K V suffice, but large condenser and transformer plants for therapj 
require % ah es which suppress impulses up to 200 K V 

THE OUTPUT or A SPARK COIL UNIT 

We ha^e learnt (page IS) that the voltage which is aSTiiloble at the secondarj 
terminals of a spark coil or a closed core transformer depends on tn o things, namelj , 
the rate at nhicli the magnetization of the core, and therefore the strength of the 
primarj current, changes, and the ratioof the number of turns on primary and secondary 
In the case of closed core transformers the first factor is an imariable constant, bemg 
determined by the rise and fall of the alternating current, ■which nowadays has a 
ri\ed frequencj of 50 per second 

Spark coil tmits ha^ e an advantage m this respect, because the rate of break of 
the primary current is very Iargcl> what human ingenuity and mechanical skill can 
make it b> suitable construction of the interrupter This is the reason why spark 
coils ol quite moderate dimensions and cost can produce kilovoltages up to 250 where 
transformers for the same secondary tension are very large and expensive pieces of 
apparatus And tins e-^lains why spark coils were used for X ray ■work long after 
the more easily contraUed transformer with its more accurately measurable output 
came to the front — naj, it explains why even to day a doctor knowing that a spark 
coil, properl) handled, can produce the same results as a transformer, both diagnostically 
and tlierapeuticall) , mav , on the score of economy, prefer it to the large and expensive 
closed core transformer plants, when he wishes to cany out both diagnosis and high 
voltage therap) But m doing so he is faced with the necessity of acquiring a greater 
knowledge and e-Kpcrience of the ways of spark coils than he would need, under other 
circumstances, of the wajs of the transformer 

The voltage, upon which depends the penetratmg power of the X rays (see 
page 60) IS, in the case of a spark coil, a quantity which varies wath the current taken 
from the secon^ty 

The most conv enient direct method of measuring v oltage (see page 77) is to 
observe the lengtli of the gap between two spheres, of a certam diameter, which will 
just be bridged by a spark, and when we place such a gap in parallel with the X ray 
tube, we call it the equivalent spark gap, and use it to measure the voltage which 
IS applied at the ends of the tube at any particular moment Suppose now that we 
find that for a particular setting of our svntchboard controls, we are gettmg 2 M A 
through the tube when tlie equivalent spark gap tells us that the voltage is 240 K V 
l\e shall find that if we increase the current-carrying capacity of the tube, eitlier 
by admitting air in tlie case of a gas lube (page 8) or by increasing the heat of the 
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filament m the case of a hot cathode tube (page 12), till o 3IA are flowing, the 
\oItage as measured bj the equivalent spark gap will have dropped to, sav, ISO K.Y 
The tension supplied bj the secondarj tenninaU of a spark coil for one and the same 
settmg of primary controls depends on the current which we pass through the tube 
IVhen this current is low the voltage »s high, and as the current rises so the 
V oltage falls In Fig 3G we see a, curve of the bcliawour of a cod in this respect 

The reason for this is as follows In transforming the primatj current to high 
tension we carrj out two distinct changes at each of which we use up energy, i e , do 
work We first fill the iron core to saturation pomt with magnetism, bv converting 
the electnc current when we make the primary circuiL I^Tien we break that circuit, 
the core magnetism vanishes m being converted into current m the secondary circuit 
The quantitv of electricitj which is caused to flow in the secondary is determmed bj 
the amount of magnetic energj which has 
disappeared m the core Now in the spark 
coil the magnetism of the core is not being 
replaced between one break and the next 
make of the primary circuit After the circuit 
IS broken, the coil 15 disconnected from the 
mam suppl> tiU the next make The X Ta> 
tube continues to absorb energy, so long 
as there is an> av ailable, but no fresh energy 
comes into the sy'stem tiU the next ** make ” 
of the primary And the more energy the 
N ray tube absorbs, i e , the more current 
IS passed through it, the more does the 
' * 5 ^ secondary voltage collapse The coil, as it 

30 were, begins to gasp— it is asked to give 

more than it has received In the trans 
former these matters are different The primary is continually taking up fresh energy 
from the mam and is therefore able to give a steady supply of changmg magnetic 
intensity to the core, which passes it on to the secondary In transformers we also come 
across this collapsing voltage trouble when we take more from the secondary than we 
giv e, but the core of the transformer can be designed for a veiy laiye output m current 
(as opposed to mere tension) more easily than that of the coil 

The output from the secondary of a spark coil therefore consists of a series of 
disconnected impulses, each consisting of a certain quantity of energy giv en to it by 
the iron core which receiv ed it from the primary circuit YTien such an impulse has 
been expended through the tube, there is no more current av ailable till the primary 
circuit IS again made and fresh mam current again magnetizes the core The closed 
core transformer (see page 29) is continually absorbing current from the mam and 
therefore has more energy to give away in the secondary Its secondary current is 
not impulsive, but rises more gradually to its maximum and similarly falls away 

Impulse discharges are, however not wholly disadvantageous for the following 
reason Tlie voltage which drives the current impulse through the tube rises 
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abruptlj from zero to its crest \alue and falls away almost as rapidlj Practically 
the whole splash of current thus passes through the tube at the crest pressure, and 
tlierefore the speed of the cathode stream and the composition of the resulting X raj s 
IS the one due to this pressure The intensity of a beam of X raj's vanes as the square 
of the soltage, so that anj voltages which are a little below the crest cause 
an intensity of X radiation which is alreadj much less than that of the crest 
and -nhich for practical purposes is almost negligible In the coil output almost 
all electrons of the cathode stream are propelled bj the maximum voltage In the 
transformer output with its alternating current wase form, many electrons flj at speeds 
due to soltagcs between zero and the crest They cause current but thej do 
not generate useful X rajs And tlus gi\cs us the reason why we require a smaller 
secondary output in milbamp^res when working with a spark coil, all otlier factors 
being equal, to ochici e a certain density on a film or a certain biological effect than we 
do with a transformer The ratio, of course, varies slightly according to the construe 
lion of apparatus, but between a good spark coil and n mechanically rectified trans 
former unit it is of the order of 1 3 


THE CLOSED GORE TRANSFORMER 

Instead of causing the rise and fall of the primary current by mechamcal means 
fcucli as an interrupter, w e can make use of the alternating current, which goes through 
a complete cy clc of changes of i alue and direction fifty times a second and in such* a 
way that if we plot the nlue of its tension against time we obtain a sine curve (see 



Fig 37 



Fig ST) Such tension when appbed to a prunary winding (Fig 38) will induce m a 
secondary winding on the same iron core another tension whose presence can be obsen ed 
by the current wLch it causes to flow m a suitable galvanometer 

"We have seen (page 18) that the value of this induced tension depends on (1) the 
primary tension, (2) the rate of change of the current which it causes m the pnmary 
wrndmg, and (3) the ratio of the number of turns on the two windings 

■\Vhen we apply alternating current, the rate of change is a constant given bj 
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the penodicity of fift> per second e are therefore left with tlie follomng relationship 
Avhich was discovered b} Faradaj — 

3 } - 

In this, El represents tlie voltage which is impressed on the primarj terminals, and 
E, that which is induced at the secondary terminals N, is the number of turns of 
wire on the primarj, and N, that on the secondarj 

Thus if the primary v oltage is 160 and there are 140 turns of wire on the primary 
nindmg and 100,000 on the secondary, ne have — 

ICO _ 140 

Ej ” 100 000 

whence Ej = 114,000 

The production of the high tension current necessarj for X raj work is alwajs 
based on this simple relationship, and it mil be noted that bj choosmg the value of 
the primarj voltage, or the ratio of the pnmarj to secondary number of turns smtablj, 
we can obtain whatever secondarj voltage we require 

The Construction of a High tension Transformer — The iron core of a 
high-tension transformer differs from 
that of a spark coil m being “closed” 
That IS to say that it forms a rmg or 
rectangle (see Fig 89} of laminated 
iron, upon one arm of which are placed 
the primarj and secondary windings 
The reason for this is that a closed rmg 
of iron can be loaded with much more 
magnetism, than one m which there are 
air pips through vihich the magnetic 
lines of force must travel in order to 
dose in upon themselves again ^Vhen 
ever such a gap is present, even when 
it is quite small, magnetic lines stray awaj 
and so tiie tota\ magnrtiza'non wbidi can 
be achieved m any part of the core is much reduced In spark cods we are compelled 
to adopt open cores, because we must have as rapid a disappearance of the magnetic 
field as possible at break. We make up for what we lose m the nay of magnetic energj 
bj suddenness of break 

In transformers this suddenness of break does not exist, and moreover, there 
IS a contmual rise and fall of current, a continual pouring of energj into the core 
Vie must avoid, at all costs, any air gap, however small, so that magnetic energy may 
not be lost, and we do so by building up the core so that the thin laminations of special 
transformer iron are mterleaved at the comers The primarj and secondarj cods 
(see Fig 89) are separated bj a tube of material with high insulating properties 
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Tig 40 shows such a transformer core with the primary windm^ in position 
on one hmb and insulated from the iron by some layers of thin insulating material 
The secondary ending on llie other hand has induced in it a \oItage up to, 
sa>, 150000 ^olL«: Its middle point is earthed and therefore at the^ame potential 



Tig 40 Tig 41 


as the core Thus tlie one end of the secondary is at + 75 000 volts ivith respect to 
llie core, and the otlier end is at - 75,000 volts, and insulation must be provided which 
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Tl\e \fhole transformer is placed m a tatvk filled with oil {Fig. 43). The ends of 
the primary winding arc brought to a plug, and the ends of the secondarj are led through 
hea^'y insulators of porcelain or other material which pass through the steel lid of 
the tank 

The object of the oil is two fold. In the first place it is an insulating material 
which fills out every space in the transformer not yet occupied by wire, core, or insula* 



Fig. 43 


lion. Thereby it eliminates both direct sparking and aho the electric brush discharge 
which would spray from the secondary windmg, producing nitric acid fumes and also 
burning the insulation. 

The second and lery important function of the oil is to remove heat by convec- 
tion (circulation, of oil due to heat) from the iron core and, particularly, from the insn- 
latmg tube between primary and secondary. It is a cliaractenstic of all such materials 
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that the insulating propertj decreases serv rapidly indeed ^ntli rise m temperature 
A tube Mhich is of sufficient dimensions to insulate against 150 000 %oIts at ordinary 
temperatures of, saj, 20® C > will insulate agauist no more tlxan 00 QOQ \olts at lOQ® C 
Wc return to this point later on in discussing the testing of transformers 

The Control of the Output from a Transformer Unit.— From, the fact that 
the ratio of primarj to secondary voltagcis equal to the ratio of primary to secondary 
numbers of turns of wire, i e — 

E N, 

wc sec that we can mduence tlic secondary voltage E, by varymg the primary 'voltage 
or the ratio of pnmarj to secondary number of turns 
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To V ary the ratio of numbers of turns would necessitate that a v ery large number 
of wires be brought out of the tank, from tappings on the primary winding to crank 
studs on the switchboard This is very awkward and expensn e from a constructional 
point of iwiK and ‘jrouJd render the machine too cumbersome for use 

The method of varying the primary voltage is therefore adopted, and this again 
may be done m one of two ways tVe can either insert a resistance m series (Fig 44), 
w hich w ill cut down the \ oltage of the alternating supply before it reaches the primary, 
or else we pass the supply through a transformer (Fig 45) and there change its voltage 
to whatever is necessary 

Resistance control has two disadvantages as compared w ith transformer control 
In the first place a resistance can only reduce a voltage It cannot raise the pressure 
of a supply to a higher value as a transformer can This is a point of some importance 
in the design and construction of transformer units though it does not affect their 
working 

Ihe second, and from the operator s pomt of vnew more important disadvantage 
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of the resistance control, is that the reduction ^hich is effected in a supplj \oltage 
depends on the size of the current in the resistance 

Let us suppose that sve want 75 000 \olts and 10 nuUmmperes from the secondary 
and that this necessitates 150 \o1ts and 10 amperes to be applied to the pnmarj 
Suppose also tlial our mam supply is at 200 ^olts Our series resistance must reduce 
the 200 \oIts to 150 ^olts before the current reaches the transformer It must therefore 
be such that 50 \ olts (the difference between 200 and ISO) will pass 10 amperes through 
It, and bj Ohm’s law we haNC — • 

50 

R = ~ = 5 ohms 

10 

Now suppose that we want to double our secondary current wlule Iea\nng the 
^oltage at 75 000 shall ha\c to double the primary current as well so that the 

p’-oduct of current and voltage (te, the power) remains the same in both primary 
and secondary Tlie same calculation as before shoivs us that now we require a 
resistance of — 

50 

R » — » 2 5 ohms 

20 

In other words we must reset the resistance control m the primary whenever 
we alter the amount of current in the secondary if we want the secondary voltage 
to remain constant 

11 ere we to leaie the resistance control at 5 ohms we should m the second 
CISC when we are using 20 amperes m the primary, reduce the mam voltage of 200 by 
1 » 20x5— 200 volts lie should therefore supph only JOO lolts to the trans 
former instead of 150 and so we should obtain 50 0D0 volts second iry mstead of 
75 000 

There is one case where this propertv of the resistance control is an advantage, 
namely when we use gas tubes instead of Coolidge tubes A high tension is required 
to set up the ionization necessary to com ey current through a gas tube but once this 
has been achieved a much lower tension is sufficient If therefore we raise the 
secondary tension of the transformer to such a pomt that ionization takes place tlicre 
w^U be an enormous rush of current through the tube immediately lie ha^e seen 
that a resistance control automatically reduces the secondary voltage when this increase 
in current happens thereby safeguarding the tube 

The transformer control sohes the problem of how to control secondary output 
at uniform voltage A closed iron core transformer is inserted between the supply 
mains and the pmnarv terminak of the high tension transformer The primary 
windmg consists of a iKed number of turns of wire, and the secondary which ma\ be 
wound oi er it (Fig 45) is tapped at a Bumber of points B% usmg one or other of 
these tappings we can vary the ratio of windings and therefore also the voltage which 
we apply to the high tension transformer primary 

In practice we employ a control transformer having only one wmdmg mstead 
of two on the closed iron core (Fig 46) Hus wmdmg is so arranged that the mam 
current floivs through a defimte imanable number of its turns of wire The current 
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winch It supplies to the pnmir} of the high tension transformer is honever obtamed by- 
tapping oH a number of the turns Here agam the ratio of the \oltage which is fed into 
the transformer to that which is taken from it is equal to the ratio of the fixed number 
of turns to the sanable or tapped number If as is generally the case, the number of 
tapped turns is less than the fixed number, then the \oltage delivered to the high 
tension transformer pnmatj is less thin the soilage of the supply etc This arrange 
ment is known as an ** Autotransformet because the one winding transforms the 
voltage of the supply mthin itself The nutotransformer is a comparatively small 
thing (Fig t7) and is fixed under the trolley which bears the switchboard Only two 




Wires go from it to the primary of the liigh tension transformer wliereas a large number 
go from It to the sivitchbonrd immcdialch abose The autotransformer winding is 
so arranged that we can tap it turn by turn between a lower and upper limit tte 
are thereby enabled to increase tlie sccondaiy voltage by steps of about 1000 \olts 
at a time 

From the foregoing it is evident that a transformer which is to work Coolidge 
tubes only should ha\e autotransformer control and one which is to work gas tubes 
as well should ha\e both autotransformer and resistance control 

STABILIZERS 

The mam current is supplied at a certam loltage winch is supposed to be quite 
steady GeneraUy it is 230 or 440 volts Unfortunately in practice this voltage 
IS found to fluctuate quite considerably This may be due to several causes A power 
station may have a plant which is not equal to the maximum demand and at times 
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■tthen man} lights are tume<l on the \oltngc of the suppl} Mill drop Another cause is 
the sudden switching on of heav*} load&, c g , a lift, a tramcar starting up, an X rav 
plant making a short exposure at high output, etc Such loads cause a temporarj 
sudden drop of 5 per cent or 10 per cent in the suppl} v oltage, followed bi ns sudden a 
reco\ cr} 

An alteration m the suppl} xoltagc which is not corrected b\ adjustments on 
the control table causes a corresponding alteration of the secondar} % oltage which is 
applied to the tube and also of the loltagc which is driving current tlirough the fila 
ment of the cathode Of these two effects, the second, which affects the heat of the 
filament and therefore the miUiamperage in the tube, is the more important A 
drop of 5 per cent in the supply voltageof 220 will cause a change in the filament current 
from 5 0 amps to 4 75 amps Those who measure their filament current will realize 
at once how serious a change this is 

Apparatus have been devised whose object is to stabilize or keep constant the 
mam supply voltage The problem is solved in two ways 

Provided that the heating current m the X rav tul>e filament or the high tension 
current (milbampcrage) between the cathode and the anode are kept constant the 
output of radiation from the tube also remains constant If therefore we can cmplov 
anv variations, to which the one or the other of these may be subject, to operate relavs 
which shall tend to bring the filament heating current bark to its original value, the 
object IS achieved 

In one such stabilizer, which is connected m the primarv circuit of the filament 
current transformer, the current in tlint circuit is automatical]} reduced when there 
IS a tendency to rise and increased when it tends to fall Since the secondary current 
of this transformer is the filament heating current and is proportional to this primarv 
current, the heat which is created m the filament is kept constant and therefore also 
the miUiamptrage 

The second form of stabilizer is connected lu the lugh tension circuit and the 
current through the tube operates a relav wluch inserts resistance lu the filament 
heating current circuit when the miUiamperagc rises and removes the resistance when 
it falls In this wav the temperature of the anode, and therefore the milhamperage, 
are again kept constant 

The primarv circuit apparatus is on the whole, the better to use It 
lias no movang parts, it is in the pruiiary or low tension circuit, and it stahiUzes 
the milhamperage at any particular value at which wc have set it on the control 
trolley 

The secondary circuit stabilizer requires resetting e\ erv time we want to cliange 
the rmfiiamperage and therefore stabilized dual control becomes impossible Aloreover, 
this instrument must necessanly Iiave movang parts and of course, be at high tension 
potential 

The advantages of stabilized dual control and low tension to operate the 
instrument undoubtedly outireigh the one adwantage wluch is claimed for the niiUiam 
parage stabilizer, nameh , that it will pass the particular current for which it is set, 
tlirough anv tube, no matter what, withm limits, the settings are 
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THE RATING AND TESTING OF X-RAY 
TRANSFORMERS 

E% crj trinsformer is described b> its maker as being capable of a certain outpii t 
This quantity ts gi\cn m figures ami is known as the rating of the transformer The 
rating should tell us at a glance nhat kind of nork and how much of it a transformer 
can do In the case of X raj transformers for diagnosis ne are chicllj concerned 
about the maximum current which is nraiKblc, the \oltage at which it passes being 
rclativel) less important On the other hand, the aiailnble crest voltage interests 
Us most when we want the transformers for iherapj, and the permissible quantity of 
current is a minor item except that we want to know for how long we may keep the 
apparatus running at *i stretch In the case of a unit for both diagnosis and therapy 
We must make sure that it can giv c large currents at secondary voltages up to 100 ILV 
for short periods, or smaller currents at, sa\ , 200 K V contmuouslj 

It is evident that it is of very little value to rate a transformer m kilovolt 
ampires— le the product of kilovolts and miUiamperts — as has been done hitherto 
when units were described at 10 KVA, 5 KVA, etc The rating must tell us 
what arc the factors which go to make this kilovolt ampere product 

We therefore quote a series of figures in rating our transformers, from w hich 
the doctor can at once tell for what work the unit is suitable 

The lirst figure is the maximum crest voltage winch the transformer con develop 
vrhen it is run under working conditions From this we can readilj calculate the 
shortest boundsrv wave length (see page 01) of the \ rojs which are obtainable from 
the unit Thus the crest voltage is a figure which has a definite meaning to the 
radiologist. The root mean square (RMS) voltage emplojcd bj electrical engineers 
and often used in foreign countries has no such meaning radiologically Moreover, 
when the RMS is called the ‘effective” voltageas is the case in Germanj, it is defin 
itelj misleading to the X ray worker Another important point to remember is that 
tlic crest voltage can be directly observed bj means of the sphere spark gap, whereas 
the RMS is difficult to measure except by indirect methods 

AH of our transformers can give up to 25 milhampercs at this maximum crest 
voltage, and this current is amply sufficient for therapeutic purposes 

!n>e second figure is the ‘ intermittent ” or " diagnostic ” rating It is the 
maximum output obtainable from a transformer when working ‘ all out ” It is given 
in kilovolts and milhampires and represents the output which maj be taken from the 
transformer for periods not longer than 5 seconds This time is amply sufficient for 
diagnostic exposures and, incidentallj, for allowing the milhammeter needle to come 
to rest when the current is being measured , 

A third figure called the “instantaneous’ rating is sometimes given This is 
the maximum momentarj v alue of current which can be obtained under the following 
circumstances Me have seen that the secondarj voltage of a transformer collapses 
when too great a load is placed upon it (page 28) In the intemuttent rating the load 
is such that this collapse does not take place Mecan however get even more current, 
knowing that tlie v oltage wiU collapse The point is that the collapse does not fake 
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place instantaneously. It happens almost at once, but for an instant the huge rush of 
current through the tube is propelled the uncollapsed crest voltage. This masinium 
discharge cannot be measured by a miUiarmncter in the ordinarj’ way because the 
inertia of the mosing coil systenr of the instrument is too large to follow the 
rapid rise of the current. This maximum or instantaneous output is what some 
manufacturers hint at when they say that “ Currents up to . . . milliarapercs can l>e 
obtained.” 

As an example, let us take our Single Valve Unit, No. 39600. Tlie rating is 
as follo'S's : — 

Therapeutic rating, 120 K.V, 

Diagnostic rating, 100 K.V., 100 3I.A. 

This means we can obtain a maximum voltage of 120,000 volts for tlierapy, and up 
to 25 M.A. for hours on end. Further, for diagnosis we have the maximum output at 
100 K.V. where we can reach currents up to 100 M.A. for long enough to make them 
measurable on an ordinary’ instrument, or say for exposures up to 5 seconds. At other 
voltages the currents are less. We may get 120 K.V. and 40 milliamperes for an 
exposure, or we may get So K.V. and SO milliamperes. 

The quesUon will immediately be asked— why does the transformer give 10 K.V.A. 
{100 K.V. and 100 M..A.) at 100 K.V. and only 4*8 K.V..A. {120 ILV. and 40 M.A.) or 
4*0 K.V.A. {50 K.V, and 80 .M.A.) at 120 K.V. and 50 K.V. respectively? 

The answer to this question involves some knowledge of electrical engineering, 
but a few words may indicate it briefly. A transformer designed for a certain primarj’ 
and a certain secondarj* voltage will work at an efllciency of nearly 100 per cent. It 
6oes tills because the loss of current by conversion into heat, and particularly through 
tlie magnetic properties of the iron, is reduced to a verj’ small minimum- In X-ray 
work, however, we obtain a range of voltages from the secondary by feeding a range 
of voltages into the primary’ through an autotransformer. The X-ray transformer, 
therefore, will work with greatest eiGcicncy at one particular primarj* and secondarj’ 
voltage. If we take a higher secondary voltage from it by feeding a higher primarj' 
one into it, we increase the amount of current which is lost in purely magnetic 
phenomena and also that wluch vanishes in heat. Moreover, the current which is lost 
magnetically lags behind the primary voltage by 90* or one-quarter of a phase. The 
current through the tube, on the other hand, is fn phase with the voftage. XT the 
magnetizing current becomes too great the current through the tube also lags behind 
the voltage and we get the condition that the maximum value of the current passes 
through the tube when the voltage has already fallen awaj*. This condition may be 
reached in an endeavour to obtain verj* high voltages for therapj* from a transformer 
made essentially for diagnosis. 

Wien we take less voltage from the secondarj* than the transformer is designed 
for, we reduce the primary voltage and also the primary current. The intensity of 
the magnetic field is therefore also reduced and the output falls below the diagnostic 
ration’. We are then working below the rated maximum output, and because we are 
not making full use of the iron core we cannot get the full output. 
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The testing of transformers is rather a laborious process They are first tested 
as to whether they will gi\ e the rated outputs without a collapse of voltage Havmg 
satisfied ourselves that this is the case, we test them for performance over long periods 
By far the largest stresses are due to the high tensions winch are present Tlie insula 
tmg materials are subject to what is called fatigue Thus a material which can stand 
up to 80 KV for 10 seconds or a minute may not be able to insulate against more 
than 50 K V for, say, half an hour Moreover, the temperature of the material is of 
great importance For instance 1 mm of Bakelite and paper breaks down under 
17 Iv V at a temperature of 20® C At 90® C the breakdown occurs at as low a voltage 
as 12 KV 

As heat IS always produced when a transformer is run we see that durmg long 
runs a number of factors unite in a sort of vicious circle to the detriment of the trans 
former’s life 

Our transformers are run for at least four hours each under the largest stresses 
produced when in commission, namely, at therapeutic voltage 

In addition the calibration of the transformers is made by measuring their 
secondaij tensions by means of sphere gap kdovoltraeters Discharges are allowed to 
take place, and these causing sudden rushes of current, are a very severe stress 

Finally the transformers are put under a tension test for 10 minutes which is 
arranged so as to produce 25 per cent higher secondary tensions that are giv en ns 
therapeutic values 

COMPLETE HIGH TENSION TRANSFORMER UNITS FOR 
X-RAY WORK 

The closed core transformer can be cmplo>ed to supply current to X ray tubes 
m eight different najs 

1 We can ttansfonn the alternating current to a suitable kilovoltage and 
supply the secondary current, as it is to a hot cathode X ray tube The current is 
unrectified altematmg current and the hot cathode tube exercises its property of 
suppressing the half evcie which flows m the wrong direction 

2 IVe can insert one hot cathode valve m the secondary circuit, with the X ra> 
tube, to which is therefore supplied an altematmg current with one haft'eyefe afready 
suppressed by the volv e 

3 Me can rectify the attematii^ current by means of a mechanical rectifier 
and so supply an alternating current to the \ ray tube in which both lialf*cjcles of 
current flow m the same direction and are therefore both useful for producing radiation 

4 Vie can do the same thing by using four hot cathode v alv es 

5 We can m special circumstances employ onlj two valves and achieve the 
same object 

C We can use six v alv es and connect tlie plant direct to a tluee phase 
curreixl oMaiiuns therebj o Itctifled cuirent with a small pulsation of not more than 
14 per cent 
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7 e can connect one hot cathode val^ e and two high tension condensers in 
circuit Trith the transformer and obtain a pulsating current -whose tension is approsi 
mately twice that of tlie transformer 

8 Bj using two hot cathode lalves and two high tension condensers we can 
generate a current whose tension is double that of the transformer and is continuous 
irith a ripple of onl\ about 5 per cent 


(1) NON RECTIFIED UNITS 

The alternating current (Fig 48a) which is supplied bi the secondaij of the 
transformer, passes through the hot cathode tube which suppresses one-half of it. 


AAA 

Fig 4Sa. Tig 4Sb 

AX as genmted in lecoadarr Ctirreot which passes through bot esthodf tube. 

The current which is concerted into \ mi's b> the lube, therefore tales the form of 
Fig 4Sb 

It consists of successiic impulses each lasting second, and each separated 
from the next bj second 

The arrangement of tlie transformer secondarv and the tube is shown in Fig 49 
This method would gjie us all that we require in 
an\ form of X rav practice, were it not for the unfortunate 
fact that there are limits to the amount of unrectified 
alternating cuirenl which we can pass through a hot 
cathode tube The whole anticathode, or even the focal 
spot o^J^, will nsc to a temperature higher th.m 1D00®C. 
if the current exceeds a certain value or runs for more 
than a certain time, and then the p^opert^ of suppressing 
the rescise half-c\cle ceases If current continues to 
pass under these circumstances, the tube is rapidK 
destroNed 

For this reason, the units which deliver unrectified 
alternating current are of comparatu civ small capacitv — 
30 at 90 K-t peak in the case of two of them, and 
10 31-4. at CO E 3 peak for the dental units. Thev are 
adequate for general diagnostic work in small hospitals and as an aid to diagnosis for 
general practitioners and dentists Th^ can be emploved for light superficial therapv, 
but their usefulness m this duection is terv limited 
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(2) THE SINGLE VALVE UNIT 

The perfection of tlic hot cathode \alve lias made possible the use of 
non rectified nlterniting current without lm\ing to pnv attention to the limits nhich 
ore jmiioscd on the use of such currents bj the heating up of the anticathode of the 
\ mj tube 

The hot cathode valve (see page 20) operates «ith a 
filament of larger dimensions and at higher temperatures 
than hot cathode X tubes Tlie voltage which must be 
applied to Its terminals is therefore rclatnelv small (about 
1 K\ ) and the current which it can pass is large The 
electrons flj compamtu cly sloulv and so no \ mvs arc set 
up at the other electrode nor is the latter heated up 

"With such a tube in circuit uc are able to applv high 
currents and voltages of unrectificd current to a hot cathode 
X rav tube and even to run tlie latter with a red or white 
hot nnticathode, since the reverse half c>clc docs not reach it 

The current which is converted to \ ro>s m the tube 
is again ns m hig 48b and the anrangement of transformer 
5eeondar> and valve and X ni> tube is shown m Fig 50 

The single valve unit is dcservcilly the most popular of all the units which we 
describe because it has the greatest range of application and costs less than the larger 
units 

It can giv e as much os 140 M A at 80 K \ through a suitable tube for diagnosis 
and up to 150 for therapeutic worl. 

(3) MECHANICAL RECTIFIER 

The alternating current at high tension may be rectified suitable means so 
that it becomes iimihreitjonal before it reaches the \ ray tube Its appearance m 
a curve is then changed from Fig 5la to Fig 5lb Two methods can be emplojcd, 
namclj, the mechanical rectifier and the four valve circuit 

^VVv7 rVYYYY\ 

F,s 51« 

A C .« goimltd m the .econdary ' ^ 

The mechanical recuner .s a piece of apparatus ivluch Teas much aseiJ before 
the comms of the hot catliocle Talie and aas omversally used svith transformers before 
the hot cathode X taj tube came and made non rectified cimrent plants possible 
Xom a dais the mechanical reclifer is hemg rapidlj replaced bj aalres and it is sate 
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to sa> tlmt no hospital or doctor conleraplaUi^ a new plant would think of installing 
a mechanicalh rectified one, nthcr than one with valies Mam are, however, still 
in use, and we will therefore eNomine their mode of action. 

The mechanical rectifier 
consists of a cross of insulating 
material carmng four metal 
segments which are connected m 
pans The cross is fixed on the 
shaft of a motor (kig 52) which 
runs s\'ncliroaousI\ with the 
altcmatmg current Four fixed 
contacts are so anting^ that 
tliev are electncallv connected 
in pairs b% means of the segments 
on the cn>>s wheneier these are 
brought mto position bv the 
rotation of the motor 
Bi s\*nchromsm ne mean tliat tlie position of the motor shaft and therefore 
of the cross relativeU to the four contacts is alwavs the same at anr particular 
moment of the alternating current c\cle We connect the secondars terminals and 
the ends of the \ ni\ tube to the four contacts as shown in Figs. S3 and oi blatters 
are then arranged so that when the altcmating current from tlie secondare terminals 
(•V, B) is at a maximum and A isncgatue and B is positive, the cross segments connrot 




rig sa. 


Fig 54 


the wntacts C and E and also the contacts D and F as in Fig i>3 The current then 
flows along the path A C, E, G, H D F, B ^Yhen lialf a wave has jisssed, the 
alternatin'’ current again reaches a maximum but in the opposite direction, so that 
A IS now positive and B negative The cross bv then has rotated through 90® and 
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now tlie segments connect C and E, and also E and I as m Ejg 51 The current then 
flows along the path R F, F, G, II D, C, A It w ill be noted that m each case the 
terminal G of the X n\ tube is negatue and 11 is positne— and we obtain a rectified 
current m the tube 

The s\’nchronoiis motor is filtctl with a special grinding which is kept supplied 
with current till the motor lias attained full speed and fallen into step with the supplj 
current The extra winding is then cut out A point of importance is that the motor 
maj “ pick up” the positnc or the negative phase of the alternating cjcle That is 
to sav, that although the motor n\lc will nlvravs occupj certain positions when the 
zero values of the alternating current take place, the positions in between mav be 
occupied when the current is at maximum m the one or the other direction and this is 
determined bj the direction of the current at the moment of switching on Evidently 
if we are to Iiave on X ni\ tube permnnentiv connected to the secondarv terminals, 
the direction of the current in the sccondarj must be constant This means that the 
direction of the airrent in the primarv rclativelv to the position of the mecliamcal 
rectifier must nlwaj s l>e the same But this as wc bav e seen depends on the particular 
pliasc wluch IS picked up bj the motor Transformer plants with high tension rectifier 



Fig 5^ 

Current which posses through ll e \ my tube 
after passing through the rotating rectifier 


arc therefore fitted with a device (generally o neon lamp with disc and spiral) to show 
which phase has been picked up, and a current reverser in the priniarj circuit 
Latterly the current rev erser has been made automatic, and comes into openition bj 
itself as soon as the motor lias fallen into step 

The mechanical rectifier, in addition to rcctifjing the current, picks out onlj 
a small portion of each halfwave, namely, that shown shaded m Fig 55, when the 
voltage on the secondary terminal is nearlv at its maximum The duration of each 
shaded impulse depends on the length of the contacts C, D, E, F (Figs 53 and 54 ) 
The transformer vrith mechamcal rectifier Jwd certain well defined advantages 
over the older spark cod umt (see page 19) which made it popular some years ago 
It has three disadvantages, however, which the hot cathode valve lias been able to 
remove In the first place, it lias moving parts which are noisv and can get out of 
order Secondlj , the current passes from tlie fixed contact to the contact on the disc 
b> way of a spark There are therefore four spark gaps continuallj m circuit with the 
X ray tube 

The presence of spark gaps m a circuit m which there is high tension and much 
inductance (the secondarv) readiiv gives nse to what are known as surges The tension 
m the secondary maj, for a fraction of a second, nse ver> considerablv above its normal 
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\alue The presence of surges is a danger to the insulation of the transformer « rid 
hinders the smooth running of the X ra\ tube The% can be suppressed b\ inserting 
coils of wire known as surge cods in circuit, as these 
absorb the surges when thei base been formed Some- 
times rods of matenal with veij high resistance are 
inserted instead as these prevent the surges from being 
formed The method of 0xing such surge coils or high 
resistance rods on tops of the insulator which cames 
the secondan leads through the tank hd is shown m 
Fjg aC 

The third drawback of the metdianical rectifier is 
that the spark gaps present an appreciable resistance to 
tlic passa«»e of current Each gap requires some 7000 
i olts to be bndged and the four gaj>s which are in senes 
at am moment therefore, require 2S K.\ The 
transformer ma\ be generating 150 Iv.^ ^ but the 
tension ai-ailable at the ends of the tube will not be 
F,» 58 . more than 122 K A 

(4) THE 4.AALAE RECTIFIED UNIT 
Tlie 4-1 ah e Ilectifier oiereomes all tliree difilculties There are no moving 
parts and no noise There is no rectifnng disc and spark gaps are eliminated Oolv 
alxiut 1 KA IS nceessarv to dn\e 
current through each vali e \ 
secondare tension of loO K.A docs 
not therefore drop below 143 K_A on 
the X rav tube since there arc never 
more than two valves in circuit at 
an\ one instant 

The four valves are connected 
between the transformer secondar\ 
and the X rap tube m the manner 
shown m Fig 57 where A B is the 
seeondar\ C D E, F are the vah es 
H G the hot cathode X ra> tube 
and 1 2 3 4 5 the transformers, 
supphing the heating currents for 
filaments 

Suppose that in the first half 
of the altematmg current c\ cle A is 
the negative pole of the secondarj 
and B the positise pole then the 
path of the current will be A F H G F B since it must alnavs come from the 
negative pole to the hot cathode of the valves or X rav tube before reaching the other 
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ekcttode It could not, therefore, go from A b> waj of the \aUe C because then 
the cold electrode would be connected to A 

In the second half of the nwe B is the negative pole, and the current from 
there> m seeking the hot cathode first, travels by way of B, D, H, G, C, A It should 
be noted that no other path is open in cither case which does not m%olve tlie current 
reaching a cold electrode first in one of the \al\es As a result ue ha%e a rectified 
current tlirough the N raj tube, as shown in Fig 5Ib, page 41 

The great ad\antage is tliat there are no moving parts The apparatus is 
absolutely silent in operation, and the absence of any spark gaps in the secondary 
circuit eliminates all jiossibihtv of Jngli frequency surges It is essential to hav e 
a separate transformer with its omi controUmg resistance for each valve filament 
because no two v alves ate absolutely alike as regards filament resistance 

Too much heating current would wear out the valve filament sooner than is 
necessary , and too little w ould cause the \ alv e to give oB X rays apart from increasing 
unneccssarilj the tension which is lost m passing i 

through the valve 

The valves are the only parts of the plant 
which deteriorate and require renewing They have 
a life of about 1000 hours when properly used This 
sutTices for seven million exposures of half a second 
each or for twelve thousand screen examuiations lasting 
Jive minutes each 

(5) -nVO VALVE TRANSFORMER UNIT 

It IS possible, with the use of two valves only, to 
obtain a fulH rectified current if ne connect one end of 
the X ray tube to the mid point of the transformer and 
the other end to the ends of the two valves which m 
turn are connected to the open ends of the transformer ^*5 

In Fig 58 A C IS the transformer whose mid point B is conneeted to tlie anode 
of the X ray tube X A and C arc connected to the hot cathodes of the valves Vj 
and Vj whose anod^ are connected to the cathode of the X ray tube 

When A is — and C + then A vnll be — with respect to B and B will be — 
With respect to C Current will flow m the circuit AV^XB In the half B C of the 
transformer there will be no current, because the valve stops it In the next lialf 
cycle, C is — and A + and therefore Cis — with respect to B and B is — witli respect 
to A Cutrent will flow ui the circmt Ct'jXB and there will be no current in the lialf 
A B of the transformer, because the valve Vj stops it 

In each case the current flows through the X ray tube m the same direction 
— its tension being one half of the total tension of the transformer 

If we use a transformer giving a total peak voltage of 150 wc can obtain a fully 
rectified current at 75 K V and, if we have a switch to cut out one v ah-c and connect 
the Xray tube across the ends of the transformer fhrougli tiie other valve, we get 
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a half*c>cle current up to 150 K V Such a plant is therefore ^eT> useful for heai-i 
^^ldlog^aph^ since it can deIn er up to 400 at 75 K A and for medium therapi 
up to 150 K 1 

Its one objection is the earthing of one end of the \ ra\ tube and so the raising 
of the other end to 7o Kl aboie earth potential IMien however, we remember 
that man> a tube is operated at 100 or 120 K \ , i e , 50 to CO K "1 at each end and 
that 75 K ^ represents a spark gap of 4J m point to plite it will be seen that there 
IS nothing much in the objection 


(6) SIX VALVE THREE-PHASE TRANSFORMER UNIT 

Hitherto we has e dealt with single phase alternating currents that is to sav, 
currents which rise from zero to a maximum fall awnj to zero, and then rise 
to a m'lximum m the other direction — according to what is called a sme curve 

Tlicrc is another form of allcmating current winch is known as three pliase 
and which for a \ariet\ of technical reasons connected with ease of production and 



Fig jOa 



Fig sob 


distribution is the kind of current frequcntlj supplied over long distances from the 
power station to the town or district 

It consists of tliree alternating currents produced from one armature winding 
and transformed in three separate transformers or fed into three lines Tlie curres 
of these currents arc all alike but at am particular moment there is one-third of a 
complete cvcle between each curve and its neighbour Tliere is a difference of phase 
of one third of a cvcle betv^een them If we superimpose the three curves at an\ 
moment the> will look like Fig 59a in which voltage is plotted verticallv against 
time honzontallv 

Matters are arranged so that tliree Imes lead to our house and between anv 
two of these vve can obtain an alternating current of the same v oltage Thus we might 
get current I (Fig 59a) from wires A und B (Fig 59b) to feed lamps on machinen 
or apparatus and current II from vnres B and C and current III from wires A and C, 
the onlv difference between anv of these three currents being that of phase 

The essential condition m a three phase supplj sv stem is that we sliall not take 
from anv one pair of wires much more current than we take from each of the other 
two pairs The smooth running of the machinerj at the power station requires that 
the three phases shall be more or less equ^j loaded The difference between 
phases must not be large — and so a power station generallj allows a load of about 
46 


COMPLETE HIGH TENSION TIUNSFOR^lEH UNITS TOR X-RAY 'WORK 


JO umpires per phase if loaded alone, but a a a 

not more — and this is not enough for modem I 

X ra\ praeticc. X 

The hot cfltho<le ^al\c enables us to 
pass the tlirce phases mto the pnmarj of ^ 

a speciallv designed transformer and to ^ ^ ^ 

pass all three in rectified form through the ^ ^ 

X-ra\ tube. Fig ro shoiis the essentials ‘ — ^asHsmaamsmai^ — 

of the scheme of connections, all details 

InMng been left out in order to make the 

general principle clear A is tlie trijile 

pritnarv of the transformer and B is the 

tnjde secondarv, a a n being the supply ^ 

mams and b b b the three sccondnrj high 

tension leads ^ ^ 

Non it n’lll be obsen ed that the 
tiio secondaries N and Z form a four i ah e g 

unit iiilh the ^nl\cs 1, 2, 3 4 The | 

secondaries Y and Z also form a four lahc j 

tirut Mitli the inhes 3, 4, 5 6, and the 

sccondancs X and Y do the same tlung k m C 11 i 11 

Mith the \al\es J, 2, 5, 0 I W I w I V 

Each of these three combinations (m U (m I (n U 

feeds its current mto the tno leads P and W I Y- . t 

Q to tlie X raj tube ^ | | ® 

In the tube ne therefore get a Fi ' 3 6 

rectified three phase current In Fig 61a 

we see the rectification of Fig 5Dn The j ^ 

dotted lines under the zero line ore the p 

Tc\crse half cjclcs which ha^c been rectified 

and appear nboie the zero Me therefore get a voltage applied to the tube wlucli 
"i-ii vanes as shown by the curve 

« cjb 

There are two advan 

' V y \/\/\/\/\/ y\/\/\/\ nc tages m using this form of 

~~rp *\\* * / p ^ tension generator 

/ y V- \ In the first place it c m 

be connected to a three phase 
m.Tt. “ sjstem nrtbout any fear of 

.«„■ upsetting the balance of the 

phases and so running coimter 
Vue to the reguhtions of the 

Kg oib supply company 

Secondly, we apply to the tube a voltage which vanes J4 per cent between peak 
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and its lowest value Thus a plant which produces 90 K V at peak, onl> drops to 
77 5 K V at the lowest point. The voltage in fact approximates to a continuous one, 
and so the resulting X radiation is more homogeneous and has higher intcnsitj (p 03) 


(7) CONDENSER UNIT— Vlllard Circuit 

Tuo condensers, Cj and (Fig 62), arc connected so that one plate of each is 
attached to a pole of the high tension transformer The other plate of each condenser 
IS connected to the anode and cathode respectively of the X raj tube A hot cathode 
v’ali e V IS placed in parallel u ith tlic X mj tube, but so that the anode of the \ alee 
IS in contact uith the cathode of the lube and vice versa, os shown m Fig 02 


At the peak of one half cv cle, \ of the secondary is 
/’XlOnnnOnn^ positive and B negative The condensers C, and C, are 
* I (Ililllllli 1 * charged up each to half the tension of the transformer — sav 
\ / 50 K V — tlirough the valve \ No current can flow tlirough 

the X ra\ tube, because it is placed so as to suppress the 
I flow m this direction 

^ At the peak of the next half cvcie, A is negative and 

H positive No current can novr flovr through the valve, but 
the \ raj tube can take it There will therefore be applied 
to this tube the tension of the transformer plus the tensions 
of tlie two condensers so long os their charges lost In this 
— ' vvaj, a pulsating current at twice the tension of the irons 

p former passes through the tube 

The unit can also he equipped with a high tension 
change-over switch which for diagnostic purposes, cuts out the two condensers 
altogether and puts the valve m senes with the transformer and the X rtj tube 
instead of in parallel The unit is then a single valve one, capable of giving up to 
100 "M A at 100 K V or 140 M A at 50 K V through a suitable tube This unit 
therefore is rerv suitable for those who wish to carrv out all round radiographv and 
therapv up to 200 K \ 


(8) CONTINUOUS POTENTIAL CONDENSER UNIT 
Experience has shown that in X raj therapy better depth dosage and a greater 
output of X ravs per tmlhampere ore obtained if the tension which is opphed to the 
ends of the X raj tube is continuous instead of being intermittent This luis been 
achiercd by connecting condensers of large didectric strength to the secondary of a 
high tension transformer 

The condei«ers form a reservoir into winch the transformer secondary pours 
electrical energy and from whicli the X ray tube withdraws it So long as the current 
through the tube does not exceed a certain value depending on the capacity of the 
condenser, the tension supplied to the tube remains almost constant Should the 
current rise above this v alue the tension supplied by the condensers fluctuates with 
the same frequency ns the high tension current which charges them 
4$ 
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The process is quite analogous to the fillmg of a bath from a water cistern which 
latter IS itself replenished at regular internals by a pail of water So long as the rate 
of flow of Abater into the bath is such tliat the cistern is not emptied between two 
additions of a pailful of uater, the pressure of the water remains constant If hoa 
ever, the cistern is completely emptied betueen two pailfuls there will be considerable 
fluctuation of the pressure 

The arrangement of the apparatus is shown in Pig C3 P is the primary and 
S the sccondarj of a closed iron core high tension transformer supplying 125,000 volts 
Vj and V« arc hot cathode voI\es and and C, are two high tension condensers of 
large capacity. T is the hot cathode X ra> tube 




Tig M 



To understand the workmg of the plant it is best to examine how an arrange 
ment consisting of one-half of tins unit, i e , a transformer, one valve, one condenser 
and one X ra} lube (Fig 04), would operate ^Vben B is negative and A is positive 
a current w ill flow through the valve (V) and cha^e the condenser (C) to peak voltage, 
iojis ibr jiMw ss A iV ajgwfow sivi B hW esa 

because the \ali e (Y) prevents the flow of current in that direction The only circuit 
tlirough which the condenser can pass current is through the X ray tube (T), and this 
it will do until Its whole charge has vanished and the voltage has sunk to zero 

Now the capacity of the condenser is large, so that when it discharges the current 
winch IS required, its voltage will sink slowly compared with the frequency of the 
alternating current In Fig 05 we see the way in winch tlie voltage from the condenser 
through the X ray tube vanes Conunencmg at an instant Tj the \ oltage on the 
X ray tube rises along the curve of alternating tension which is being fed to the condenser 
by the secondary till the instant T* is readied, when the condenser is fully charged 
The tension from the secondary then falls away according to the usual curve (shown 
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as a dotted line) The oltage of tlie condenser on the other hand slowlj drops witli 
flow of current through the ray tube till at an instant Tj the voltage of the secondary 
current again o\ ertahes it and once more raises it to peak \ oltage at T* Vtt have then 
the curve Tj T, Tj Tj Tj T, ns the curve of voltage through the X ray tube 

When we double 
the unit as we do in 
practice bj emplojnng 
two valves and two con 
densers both halves of 
the alternating current 
wave from the secondary 
come into use Turmng 
once more to Fig 62 we 
see that when, at one 
peak of the wave, A is 

positive and B negative, the current flows round the circuit AB VjCj because the 
hot cathode of the \alve is connected to the negative pole (B) Tlie condenser Cj is 
charged up to the peak \ oltage of the transformer secondarj Ivo current can flow 
round the circuit A B ^ j Cj because here the hot cathode is connected to the positive 
pole (A) 

When the next maximum of tension occurs in the secondary, A is negative and 
B IS positive Current now flows in the arcuit B A 0(1 1 therebj charging up the 
condenser C« whilst B A i is without current 

The condensers (C^ and Ct) are thus charged up oltematel} to a voltage of 
125 000 each and each discharges current through the \ ra> tube at that voltage and 
according to the curve shown in Fig 65 The condensers arc m senes with respect 
to the tube so that their voltages at anv instant add up and we have a tension applied 
to the X ray tube of approximately twice the E lU of the transformer secondary 
In Fig 06 we hav e super 
posed the two v oltage gl 

curves from the two con * 

densers T, Tj T, is 
that due to the condensee 
C, whereas twit's TjT, 

"Fj is due to condenser Cj 
E IS the curve which we 
obtam bj addmg the two 
condenser voltage curves 
This represents the van 
ation of the voltage appbed to the X ray tube This variation depends solelj, as 
pointed out above on the capaatj of the condensers and the size of the current 
through the X raj tube The capaatj of the condenser determines both its size 
and its cost, and these two factors mcrease rapidly At the present time the 
condensers are made to such a size that they will supplv a current of 5 milhamp^res 
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to an X ray tube at a \oltage of nearly 250 000 -which does not vary more than 
5 per cent For all practical purposes this is continuous current 

If the current from the plant is increased considerably, the voltage varies much 
more and the current through the X ray tube is practicallj a rectified one like that 
obtamed from a transformer with a 4 valve high tension rectifier (see pages 41 and 43) 
The condenser plant, when used as described above, with its voltage of 250 000 
and its milliamperage of 5, is suitable for therapy onlv 

THE CHOICE OF A HIGH TENSION UNIT 

The units which are described on pages 30-50 and illustrated on Plate I serve a 
vanet\ of purposes and it is often a matter of considerable difficulty for the doctor or 
hospital authontv to decide which type to select The choice is determined b\ 
consideration of the work to be done and the funds which are available 

The non rectified unit either in cabinet or m the form of a ward set, Js suitable 
for simple radiographj and for a limited amount of work on the fluorescent screen 
It caimot be emplojed for therapy and, moreover, the exposures which have to be 
given m the making of a film are necessanli, somewliat prolonged owing to the 
comparativelj small output which is aaailable 

The single val\ e unit is a veij popular t\pe of apparatus for the general hoqiital 
and for aU round diagnostic and therapeutic work It produces up to 140 ^I A at 
70 K V , or 100 ^I A at 100 K \ for radiography, whilst it is suitable for therapj 
up to 150 K ^ It can be used to make a radiograph of an adult chest at slx feet 
and 80 K V m one tenth of a second 

The two -valve umt does the same as the smgle valve unit, but it has the 
additional advantage that it gives fully rectified current below 75 K V It produces 
up to 450 Mji, at 50 K.V and can therefore be used for low tension techmque m chest 
radiograph} 

The four valve umt is the one of choice for large X rav departments m which 
much work is handled It produces fulfy rectified current up to 120 K V and wiU also 
give 450 at 50 Iv.V 

The SIX va2i« unit is employed chiefly for low voltage long distance chest 
technique, but it is suitable for all round ladiograpb} as well It develops GOO 
at 50 K.A . and can produce a film of an adult chest at six feet m one twentieth of 
a second 

The \ lUard umt is for thcrapv only, with a pulsatmg current. It can however, 
be built to be used as a single valve unit as weU and it then forms a useM plant for 
radiograph} and any form of themp} indudmg deep therapv up to 200 K.\ 

The contmuous potential unit is for therapv onlv Its advantage hes in the 
fact that it produces a tension which is not mterouttent Tlie dose of X ravs obtained 
at a depth, as compared with that on the surface, grows greater as the tension appbed 
to the tube grows more contmuous The unit is, therefore, primanl} for deep therap} 
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CHAPTER IV 

SOME PHYSICAL EXPLANATIONS 
ELECTRONS AND ETHER WAVES 

Modebv phjsics assumes a medium knonTi as the ether which pervades all space 
not occupied bj matter Its nature is a matter of speculation, but ire ascribe to it 
the propert} of transmitting light from one bodj to another 

Newton discovered that ordinary white light, when passed through a pnsm, forms 
a spectrum of colours Later on, Hujghcns showed that when two beams of Lght of 
the same colour met in the same spot it was possible under cettam circumstances to 
produce darkness at this spot The explanation gi% cn was that th* two beams of 
light were two trams of ether waves, and that, when darkness resulted at the 
spot where they con\ erged, matters liad been so arranged that a wai e crest m one 
tram of waies coincided with a waie trough in the otlier, whereby their effects 
were neutralized ^loreoier, the colour of the particular bght is due soldy to its 
wave length — and what Newton had done with Uie prism was to anal; se a collection 
of wave lengths into component parts which range from long wa\ es at the red end to 
short ones at the blue or iiolet end of the spectrum 

The next step came nhen Clerk 'Maxwe!! worked out the electromagnetic theorv 
of hght Faraday had shown that an electnc current m a wire is alwaj s surrounded 
by a magnetic field, that the mtensity of this magnetic field vanes with the strength 
of the electnc current, and that, therefore, a pulsat ng electric current produces a 
pulsatmg magnetic field 5Ioteo\ er, wi a wue loop cnclt. mg a space m which a variable 
magnetic field pulsates, there is set up an electnc cuirent which \ ones in tune with the 
magnetic field 

ilaxwell showed that if we regard magnetism as being n condition of strain in 
ifre ether whfdr is tesasmitted tfEcwagii space wrffr a vehicrtv of hght — ttsareif; 
kilometres per second — we ma; regard Huygheia* ether wai es of light as being waves 
of magnetic mtensit; He called them electromagnetic waies because of the electnc 
origin of magnetic phenomena, and he prophesied that we would find that the waves 
of visible light were but a small group of wave lengths of a huge spectrum of electro- 
magnetic wai es containing wai e lengths both longer and shorter than those of light 
The longer waves were subsequently found bj Hertz and Marconi and the shorter ones 
by RSntgen 

The nature of X raj3 was for a long time a baffling secret It was known that 
the cathode ravs which produce them are corpuscular , that is to say, that the; consist 
of particles living at great speed and that these particles are units of negative elec- 
tricity— electrons As X raj’s have a few properties in common with cathode rays, 
5 *> 
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it ^as thought for a while that X rays are also corpuscular, but gradually it came to 
be suspected that they are also a wave motioaof the ether like visible hght and differing 
onlj m wave length 

This was confirmed by Fnedendi and Kruppjng who, acting on the sugt^estion 
of \ on Laue, used the regularlj arranged planes of atoms in crj stals as a natural grating 
(see page 79} to produce those same interference phenomena in X rajs which Huvghens 
with other methods had produced in visible hght 

This important discos eiy assigned to X ravs a place m the spectrum of electro 
magnetic waves which Maxwell had foretold We must readjust our conception of 
the spectrum and enlarge it considerably We must realize that the spectrum consists 
of ether waves of everj conceivable wave length which differ from one another in 
nothing except just that wave length 



Hertzian vmxxs * wireless wav-es \ 

Uoexp = unncplored region. U t 

Inf red — infra red heat radia X 

tjon y 


= visible spectrum 
= ultra violet spcctnmj 
= X rays 

= gamma rays of radium 


In Fig 67 we sec m diagram how the various kinds of radiation are arranged 
in extended electromagnetic spectrum It has been necessarj, as it were, to 
foreshorten the diagram at the wireless end and to magmfj it m the region of the diortest 
mjs m order that Uieir descnption msj be inserted Thus if ve made the region of 
the spectrum from infra red to y rajs 1 cm long we would find that half the spectrum 
of wireless or Hertzian waves and an unexplored region down to the infra red would 
be 1 kilometre long and the remainder of the spectrum of the wireless wav es would be 
1000 kilometres long This giv es us an idea of how small a trifle of the whole range 
of ether vnbrations is perceived bj the eye 

The figures at the top of the lUustration (Fig 67} are the wave lengths m centi 
metres Below them are shown the points where the wavelength is 1 kilometre (KJI ), 
5 ^ 
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1 metre (il ), 1 centimetre (CAI ), 1 millimetre (AI ), 1 micron (/i = one-thousandth 
of a millimetre), 1 millimicron (/x/i = one-thousandth of a micron, i e , one milhonth 
of a milhmetre), and 1 Angstrom unit (A U =one ten milhonth of a millimetre, i e , 
one hundred milhonth of a centimetre or 1 cm X10‘*) These umts, which are 
multiples or fractions of a centimetre, are mereh emplojed because the centimetre 
itself IS too small for verj large and too large for 'erj small wa%e lengths The 
Angstrom umt is the wave length measure which is alwaj s used m radiologj Tlie 
Greek letter X is frequentlj emplo) ed to denote “ wa\ e length ” The wa% e length of 
the X rays used for medical purposes vanes between about 1 and 0 15 A U The 
gamma rajs of radium ha%e a X of 0 1 AU or less Violet hght has a X of 3800, green 
bght 5000, and red hght 7C00 A U 

The discovery of the electron and of the structure of the atom has pro^ ed the 
electromagnetic nature of all these radiations, and the truth of Maxwell’s theoij. 

An electric current is a stream of eleclroas A single electron m flight is accom 
pamed bj a magnetic field nhose mtensity depends on the speed of the electron An 
electron whicli is rapidly altermg its speed produces a magnetic field of changing 
mtensity An electron which is osallatiog to and fro will therefore set up a tram of 
waves of magnetic intensity, and these, travelling outwards m all directions, constitute 
a beam of electromagnetic rajs, which may be wireless waves, or heat ra\s or visible 
hght, or ultra Anolet or X rays, according to the wave length 

Wliat causes the oscillations of the dectron, and what do we know about them f 
In the case of wireless telegraphj, we make streams of electrons surge to and fro on 
comparatn ely long paths from one condenser to another, tberebv producing very long 
waves of magnetic mtensitj m the ether Heat rajs— -J c .those rays with a wavelength 
which is just longer than that of vuible hght and which produce the sensation of heat 
when absorbed by the bodj, because thej cause atoms and molecules as whole units 
to vibrate — are due to electrons surging to and fro on paths whose length is of atomic 
or molecular dimensions 

The atoms and molecules of bodies which are at high temperatures and are 
emitting heat rays, are in a lively state of oscillation and rotation — monng their whole 
groups of electrons with them m the process 

Visible light and particularly X rays are due to electrons moinng to and fro on 
paths which are much smaller than atomic dimensions 

It can be stated that all production and absoiption of X ravs takes place within 
the confines of the atom 

SOMETHING OF THE MODERN ATOMIC THEORY 

Smee ion Laue proved that X raj's are but a short wave radiation exactlj 
similar to ordmarv bght m everj'thing but was e length, the properties which have been 
described m Chapter I, and whicli were empiricallj discovered, are seen to be related 
Vt e will now attempt to describe m simple language what are the phj’sical laws which 
govern X raj s 

flatter was for manj lears beheied to consist of minute indivisible particles 
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called atoms Some se\enty kinds of atoms were known, which differed from each 
other in their pliysical and chemical properties These seventy different lands of 
matter were called elements and were believed to be immutable 

The weight of the elemental atoms was determmed by various difficult methods, 
and these weights were expressed as multiples of the weight of the hydrogen atom, 
which, being the lightest, was taken as unity 

Prout, an English doctor, formed a hypothesis durmg the early j ears of last 
century that the atoms of all elements simply consist of groups of hydrogen atoms, 
and that hydrogen is, m fact, the primary fomi of matter On this assumption, how ever, 
all atomic weights would have to be whole numbers, since the hydrogen atomic weight 
IS unity, but as several of the experimentally determined atomic weights were far 
removed from whole numbers, the hypothesis had to be abandoned 

The discoi ery of radio activity and X rays, and the work of J J Thomson, 
Rutherford, Bohr and many others durmg the last thirty years has entirely modified 
our conception of atoms and lias established a modern atomic tlieopj' which is vei^ 
similar to tlie hypothesis enunciated by Prout 

We now know that the atom is divisible and that it is not unlike a minute solar 
system consisting of a central body comparable to tbe sun, and a number of smaller 
bodies, similar to planets, grouped round the central bod> on imaginary spherical or 
egg shaped shells at varying distances 

These planetary bodies are unit negative charges of electricity They are, in 
fact, electrons like those of the cathode stream (page 2), and their mass, electric charge 
and velocity have been accuratel) measured 

The central body is known as the nucleus and consists of one or more units of 
matter which we call protons each of which carries a single positive charge of electricity 
TIic mass of one proton is eighteen hundred times that of one electron, and whereas 
the unit of negatnc electricity occurs by itself as an electron and can be isolated as 
such, the unit of positive electricity always appears to be associated with matter as a 
proton and has ne\ er yet been separated 

In the nuclei of the lieavier atoms there arc, m addition to the protons, one or 
more electrons which, from their position, are known as nuclear electrons They 
reduce the effective positive charge of the nucleus somewhat Thus a nucleus 
consisting of sixteen protons and eight nuclear electrons has an effective positive 
charge of eight 

The figure which denotes the effective positive charge of the nucleus is called 
the atomic number of the particular dement Tlie atomic weight on the other hand, 
is given bj the actual number of protons m the nucleus For most elements the atomic 
weight IS roughly twice the atomic number A table of atomic numbers and weights 
IS given on page 1C8 

Formerly the atomic weight was regarded as the important characteristic of 
an element To day we know tliat the atomic weight is onlv of secondary importance 
The atomic number, or, as we have seen, the effective positive charge on the nucleus, 
determines the chemical and physical properties of the atom 

The actual structure of nuclei is still rather uncertain and remains a subject 
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of investigation It is known that the hjdrogen nucleus consists of one proton canjnng 
unit positn e charge An interesting nucleus is that of helium, which contains four 
protons and two electrons, thus giving an atomic number 2 and an atomic weight 4 
It IS shot out of radio acliie bodies and was gi\en the name a— particle before it was 
recognized to be the helium nucleus 

Another interesting pomt is that an element maj ha^ e more than one atomic 
weight but alwaj’s the same atomic number That is to saj , that the number of protons 
and electrons in the nucleus ma^ % ar>, but the difference, i e , the effectn e positn e 
cliaige, remains constant The ^anous atoms all exhibit the chemical and phj steal 
properties of the one element having that particular atomic number Such atoms of 
^a^Jlng masses are known as isotopes of the particular element They were onlv 
recognized after the discover} of radio aclivitj, and are tlie reason why the atomic 
weights of some elements, which occur in nature onlj as mixtures of isotopes, are 
far removed from whole numbers One of the best mstanecs is the atom of chlorme, 
whose atomic weight of 35 5 is due to a mixture of two isotopes, whose weights are 85 and 
37 respectn elj Another instance is lead, which occurs m no less than eight isotopes 
This explains wh\ Front’s lij^potbcsis would not gam acceptance till the existence 
of isotopes had been suspected and proved 

For the purpose of radioIog> , the most important part of the atom for the present 
IS the group of electrons which ate arranged on imaginary sheik around the nucleus 
Tlie atom, as a whole, is an electrically neutral body, the effectn e positive cliarge of 
the nucleus being neutralized by the negative electrons outside The atomic number 
of an element, therefore, also denotes the number of these external electrons, which are 
described by a vanetv of terms indicatiie of their position m the atom, such as extra- 
nuclear, ring or shell electrons 

As we pass from the hjdrogen atom through the whole list of elements arranged 
accordmg to their atomic numbers, we find that at each step the atomic number 
mcreases bj unit} That is to saj , tliat each element has one more cliarge of positive 
electncitj on the nucleus and one more extra nuclear electron than the element with 
tlie next lower atomic number 

The arrangement of extra nuclear electrons about the nucleus follows a definde 
plan In the first place, the imagman shells on which the electrons are grouped ore 
situated at certain definite positions about the nucleus Secondly , extra nuclear 
electrons rest only on these spherical or ellipsoid (egg shaped) shells and nowhere else 
The electrons can jump or be moied, as we shall see later (page 5S) from one shell to 
^another, but they do not come to rest between shells 

Tlie innermost shell, which is nearest the nucleus, is called the X shell or nng 
Proceeding outwards we come to the L shell, then to the 31 shell and N, 0, P, Q shells 
It has been found that the K shdl can accommodate two electrons and no more 
The hj drogen atom has onlj one extra nuclear electron situated on the K shell The 
hehum atom has two, and both are on the K shelL The lithium atom, however, has 
three sucli electrons, tvo of which are on the X shell and one on the next or L shell 
Again, the L shell will not accommodate more than eight electrons, and when, 
bj adding one electron per element as we pass step by step to tlie heai ler atoms, we Jiai e 
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reached the atom of sodium, v,liose atomic number is 11 , we find that the L ring is full 
up and one electron is now accommodated on the next, or JI, ring We can form a 
theoretical picture of the sodium atom somewhat like Fig C8 

The M ring accommodates IS electrons aftcrwhich the N ring receives electrons 
up to the number 32 Of the O, P, and Q shells we have less evidence, but it seems 
that their capacity for electrons decreases again as nc go farther from tlie nucleus 
SOmmerfeld gives the following arrangement for the atom of radium — 

Shell K L M N O P Q 

No of electrons 2 8 18 32 18 8 3 

From uliat has been said above, it will be realized that any alteration m the 
composition of the nucleus, by remov mg or adding protons ox electrons m such a way 
that the atomic number is changed, involves a conversion of the element into another 
clement This phenomenon occurs spontaneously in radio active bodies, but it is 
cxcccdinglj difficult to imitate artificially and has 
onlj been accomplished in the laboratorj It is of 
course, accompanied b> a suitable readjustment of 
the number of extra nuclear electrons 

On the other hand, the number of extra nuclear 
electrons can, and v erj readily docs, suffer change in 
an otom m which the nucleus remains constant Wc 
find that from a varietj of causes electrons ore 
continually being added to or removed from the shells 
surrounding the nucleus The atom then has more or 
less extra nuclear electrons than arc necessary to Keep it electrically neutral In the first 
case it acquires a negative charge, and in the second a positive one It is now called an 
“ ion ’’ or “ wanderer,*’ because its cliarge causes it to wander one way or the other 
under the influence of an electric force, and the phenomenon is knovvm as “ ionization ” 
It IS evident that the proof and acceptance of this modem theory of atoms has 
thrown much light on chemical problems For the purposes of radiology, attention 
must be drawn quite briefly to one point Chemical compounds consist of aggrega 
tions of atoms winch are linked together m definite quantities and proportions It 
IS* iTTOiftf iWciV' AhriJ Alv Mvnnr cibin.V!Sinf mVaal’ awr jivfavrAsvi’ 

on the periphery of the atom Such aggregations are Known as molecules They are 
more or less stable according to their nature, and may vary from so simple a group as 
the hydrochloric acid molecule, in which there arc one hydrogen and one chlorine atom, 
to the highly compheated molecules of oiganic compounds such as cell plasm albumin, 
cholcsterine, etc , which go to make up the human body and consist of whole chains 
or rings of atoms of liydrogcn, carbon, nitrogen, oxygen, and other elements The 
point IS that if we can imagine some agency (and as we shall see, X radiation is such 
a one) which could disturb the peripheral electrons of the atoms we can picture the 
links of such chain or ring molecules being withdmnn and the whole complex molecule 
tumbhng to pieces It is for the biochemist to say what arc the biological results 
of such decomposition of complex molecules 
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THE CHARAGTERISTIG RADIATION OF ATOMS 

Let ixs once more examine the model of the atom which was discussed on page 
55 The following curious interdependence of ether waves and electrons has been 
found to exist An extra nuclear electron wluch mo\ cs from a sliell nearer the periphery 
to one which is nearer the nucleus and on which, for reasons to be discussed later, 
there is an electron missing emits an ether wa\ e or a tram of ether wai es m the process 
Moreo\ er, the wave length of the resulting radiation depends strictly on the position 
of the two shells relatii e to the nucleus and on the size of the atomic nucleus, i e , on 
the atomic number of the atom Thus if in Fig 09 electrons jump from any of the 
outer shells on to shell K, they will emit rajs of certain wa^e lengths ^Ye call these 
rajs K radiation, and we differentiate between their wave length bj callmg them Kj, 
K, rays according to whether the jumpmg electron 
came from the LMN, etc , shell (see electrons 1, 2, 3, 
in Fig 69) 

A further series of sucJi wave lengths is produced 
bj electrons jumping (4) from M to L, (5) from N to L 
and (C) from O to L, and these are known as the L 
radiation The same is true of M radiation and N 
radiation, etc Each element can thus be identified by 
its “ characteristic ” spectrum of a % arietv of wave 
lengths 

We arc therefore dealing in the atom with a con* 
i ersion of energj The various shells can be regarded as 
se% era! levels of potential energj , and when the electron 
falls from a level of lugher potential energy (nearer the periphen) to one of lower 
potential energj (nearer the nucleus) a certam amount of energy is freed and takes 
the form of rodiatvon Moreover, the amount of energy thus freed is a very 
definite one which is alwaj s the same for the particular jump m the particular atom 
and it is called the energy * quantum ” 

THE CHARACTERISTIC ABSORPTION OF ATOMS 

Just as the electron gives up energy m the form of characteristic radiation 
when it falls or jumps from one sliell to another nearer the nucleus, so is energy 
required to lift an electron from a shell near the nudeus to one farther out, or to make 
it fly right out of the atom into space The energj which is necessary maj be supphed 
either bj ether waves such as ultra violet rajrs or \ rav s, or else an electron from outer 
space such as a cathode ray electron maj flj through the confines of the atom and dm e 
an electron from its position on a shell mto space Such electrons which leav e atomic 
shells to fly about m space are sometimes called photo dectrons because they were 
first noticed when metals were subjected to the influence of ultra vaolet ra\ s Now 
we hav e seen that electrons falling on to the K shell produce K radiations which hav e 
a certam wave length and when thevfaU on to the L shell L radiation of a longer wave 
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length results, etc To lift in electron from the K shell requires the energy of a wave 
length slightly shorter than K radiation, because the fact that m a neutral atom all 
shells are already occupied by electrons necessitates that the electron be lifted right out 
of the atom Again, if the radiation which penetrates the atom is not of short enough 
wave length to excite photo electrons from the K shell, it will excite those from the L 
shell or from the SI or N or O shells The result is that a beam of X rays containing 
ever^ conceivable nave length, i e , having a continuous spectrum, will, after passmg 
through matter, have certain wave lengths removed The energy of these wave lengths 
will have been absorbed m setting photo electrons in motion, and the spectrum of the 
origuial radiation, after passmg matter, will show a series of gaps called absorption 
Imes where these wave lengths have been removed 

The amount of energy so absorbed from the beam of rays is again a definite 
one which is alwajs the same for the particular jump of an electron which it causes 
m a particular atom, and is called the energy *• quantum ” 

The mathematical formulation of these relationships is due to Planck, and is 
known as the quantum theor> It is tliat 

E s* b r 

where E is the quantum of energy gn en to or taken from the electron by the absorption 
or emission of a radiation whose frequency is i , and h is a constant known as Planck’s 
constant The frequency, of course, is merely a reciprocal way of expressing the wave 

length VThore c is the velocity of light), ond so we see that the energy quantum 
IS the greater, the shorter the wave length 

The Intensity of X Rays corresponds to the “ brightness ” of a source of 
VTSible light It IS defined os the quantity of X*radiation whicli traverses or is available 
on unit area (1 square centimetre) in unit time It varies with the number of electrons 
whidi fly in the cathode stream and witli the speed at which they fly The number of 
electrons per unit time is defined os the current m the tube, and their speed is directly 
proportional to the tension on the ends of the tube We sav therefore that the 
intensitj varies with the current and the voltage 

The intensity varies more rapidly with the voltage than with the current It is 
directly proportional to tlie current, i e , a tube workmg at 50 kilovolts and 4 milli 
amperes produces twice as great an intensity as one working at 50 kilovolts and 2 
milhamp^res On the other hand, the intensity vanes as the square of the voltage, 

1 c , a tube workmg at 100 kilovolts and 2 milhamp^res produces four times as great 
an intensity as one working at 50 kilovolts and 2 milhamp^res 

A limit IS, however, placed to the increase of the quantity by the maximum 
power winch the apparatus can produce and the maximum current which the 
mdiv idual tube can stand without being damaged As the duration of the exposure 
depends on the available quantity of X rays, it must be our aim to perfect tubes and 
apparatus so that great quantities of X rajs can be produced 
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THE INTENSITY OF X RAYS VARIES \MTH THE DISTANCE 
The intensitj of X raj s diminishes rapidlj as tlie dutance between the on^ 
(anticathode) and the object increases In this it beliaves like the intcnsitj of ordinary 
light and ran« inversely as the square of the distance 

Tlie reason for this is best explained b> the well known diagram (Fig 70) appeanng in 
all text books on light Tlie lUustration •ihows how the Intenelt^ of radiation coming hom 
a point %-aries with the increasing distance A\e consider the source of radiation to be at the 
point of the p^Tlmld, and place a certain Tcctangular area at a certain distance from this pomt. 
The illustration shows that at tnee this distance the area which is exposed to the radiation 
15 four times the size of the aboa e rectangle , al Vaee limes the distance, that area lias become 
nine times the size of the ongmal rectangle t\e sec, therefore, that tlie single rectangle 
referred to abo\c, which is struck b% the full radiation at the first distance, is struck by o3j 



oae«quarter of that radiation at twice the distance, and one-ninth of it at three tunes the 
tljdancc A photographic plate exposed at 40 cm from the anticathode requires, therefore, 
four times as long an exposure to assume a certain tmt as a plate exposed at a distance of 
20 cm 

The Quality of X Rays — The voltage influences not onij the mtensitj of the 
radiation from an X ray tube as desenbed in the last paragraph, but also tlieir qualitv 
or penetrating power 

^^Tien X rays were first discovered it was found that if the tension, i e , the 
number of volts appbed to the ends of the tube, altered, the nature of the ravs which 
were produced was also changed TVlien tlie tube was in such a condition that current 
•would easily pass, even at comparatively fow voltages (sa^ SO 000), rays were obtamed 
which had low penetratmg power On the other hand, a tube winch resisted the 
passage of current and necessitated high voltage (say 90 000 to 120,000) gave rays of 
high penetratmg power 

Tins sanation m tiie ^ahfy of lajs -was csipresscd by calling them “soft,” 
“ medium,” and “ hard,” with a number of intermediate designations such as ” medium 
soft,” “ medium hard,” etc 

On Plate H we see four photographs of a hand taken under varjnng conditions 
The first one is with a “ verj soft ** tube (about 30,000 solts) and shows the hand as 
a black shadow -with the bones only very slightlj indicated The raj-s pienetralcd only 
tlim portions of flesh 

No 2 shows the effect of ravs produced at 40 000 solts which were shghth 
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harder and Trere called “ soft The flesh has been penetrated but not the bones, nhicJi 
appear quite black 

No 3 n-as made with “ medium ” rajs at 70,000 \ olts, and shows good penetra* 
bon of the flesh everywhere, and some penetration of the bones 

No 4 was made at 100 000 volts with rajs so “ hard ” that the flesh was penetrated 
to the extent of being rendered invisible, wlulst the bones show ^erj considerable 
penetration in parts 

The cause of this \ariabon of “ quahtj ” of rays was found when Lane sliowed 
them to be a wave mobon like ordinary light It is a \ariation in the wa\e length 
of the rajs which makes them more or less penetrating The “ soft ’ rajs which do 
not penetrate are those -mth long waves whilst decreasing wave length is accompanied 
by mcreasmg penetrabng power Thus a defimte relationship between quality of 
X rays and impressed i olts was long suspected We used to sav tliat “ the greater 
the voltage on the ends of the tube the faster do the electrons of tlie cathode stream 
fly And the faster the flicht of the electron, the greater is the impact on collision 
with the anticathode and the harder are the X rays which result ” 

Emstem then shoired from theoretical considerations and Duane and Hunt 
from actual experunent, that there is indeed such a relationship and that the wave 
length of X rays is inversely proportional to the exciting voltage If we denote the 
voltage m kilovolts by V and the wave length in Angstrom units by X, then for an 
electron which is completelj stopped, i e , which gives up all its energj 



The quahtj of X rays is therefore the property which corresponds to the colour of 
visible light Its measurement was a puzzle in earlier days, but now resoh es itself 
mto accurate determination of the impressed voltage or of the actual wave length 
(see page 77) 

A table will be found on page 170 which shows the relationship between the old 
description of X ray quality and the modem notation in kilovoltages 

The production of high voltages is the function of the electrical apparatus, 
which becomes larger and costlier os the voltage which it must produce rises 


THE PRODUCTION OF X RAYS BY CATHODE RAYS 

The energy of the flying electrons of the cathode stream is converted m three 
distmet ways, when those electrons collide with the atoms of winch the anbeathode 
consists 

In the first place, such an electron, whose speed depends on the voltage which 
driv es it, will suffer a retardation or ev en complete stoppage of its fliglit when a collision 
wiUi an anticathode atom takes place We hare seen on page 54 that such an altcr- 
abon in the motion of an electron gives nsc to n tram of electromagnetic waves The 
greater the speed of the electron the greater is its energj and the greater the amount 
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of energ) destroj ed bj collision, the shorter is the wq\ e length of tlie electromagnetic 
wa\es (X-radiation) which result. This is the first and, for the radiologist, the most 
important conversion of electronic energj at the anticathode We will exarame it in 
some detail 


THE COMPOSITION OF THE XRAY BEAM 
We would be tempted to assume that if we can applj to an X ray tube a steadj 
and uniform voltage, we will obtain cathode rajs of w^ch all the electrons fly at the 
same speed and wluch will therefore produce X raj's of one wav e length onlj , and that 
therebj we would, m fact, hare complete control of the qualitv of the X ray beam and 
could alter it at will Unfortunatelv the matter is not so simple, and in practice we 
are provided with mixtures of wav e lengths or, as thev bav e been called, heterogeneous 
beams Tliere are two reasons for this 


X m.js are a result of collisions between electrons of the cathode stream and 
atoms of the anticathode A head on collision after which the electron stops dead, 
having been robbed of all its energj, produces the shortest possible wave length A 
glancing collision m which the electron parts with some of its energv but then proceeds 
on its path with diminished speed, produces a longer wave length At the next collision 
it maj part with the rest of its energy, or else again glance off and lose onl) o portion 
of the remanent energj A wave length longer than that due to a dead stop m the 
first instance results Thus we get a mtxture of waves of every conceivable length 
from the shortest or boundary wave length to those which ore too long to penetrate 
the glass e get, m fact, a beam of X raj s of mixed wav e length, whidi is comparable 

to white hgbt and which, with suitable appliances, can be resolved into a continuous 
spectrum of components, just as white hgbt shows a spectrum of colours when passed 
through a prism 

A moment’s reflection vtUI tell us, and is confirmed bv probability calculations, 
that there are onlj a few head on dead stop collisions Considering all the other types 



of collision in which a part onlj of the electronic 
energy is converted mto radiation, and the electron 
flies on at reduced speed, we find that their number 
increases as the quantitv of energj absorbed m 
collision decreases, till a maximum IS reached After 
this the number again decreases and ultimately 
vanishes The amount of energy absorbed per 
collision is a measure of the wave length of X raj’s 
produced, and upon the number of each kind of 
collision depends the intensity of each wave length 
Ihus, even if the voltage at the ends of the tube 
could be niamtained at a constant value, the result 


Fig 71 


mg X rays would not be of uniform wave length. 


I e , the rajs from a tube cannot possibly be made homogeneous m the physical sense 


JVe can, then, draw a curve in which we show the intensity (I) of the rays on the vertical 
against the wave-length on the honzontsl and it looks like Fig Tl.beguinuigsharpJy 
62 





SOMETHING OF THE MODERN ATOMIC THEORY 


at the shortest ware /enjth \o which is due to head-on collisions of electrons rcoin there 
tlie intensity rises rapidly to a maximum value at the ware length which is produced hy that 
type of atom-electron collision which occurs most often — and then it dies airay 

The second cause which tends to produce heterogeneous lather than homo 
geneous X rays is the variable nature of the tension With the exception of the 
condenser and the three phase transformer units, our X ray machinery produces 
voltages which rise from zero or thereabouts to a maximum and fall back to zero again 
This means the production of every conceivable wave length of raj , from the long one 
due to the voltage which can just force current through the tube, down to the shortest 
one obtained when the peak or maximum voltage is being applied 

One would expect that such variable voltages would cause all kinds of mixtures 
of X raj u av e lengtlis, and tliat the composition of each mixture would depend on the 
way m which the voltage varies, i e , on the kmd of voltage curve produced by the 
electrical plant This is not so because the intensity of the X ny beam is proportional 
to the square of the voltage When the tension drops slightly below the peak the 
intensity of the rajs drops very rapidly In other words the lower values of the 
V oltage contribute only slightly to the intensity of the bevm, and for practical purposes 
v\o can say that the curve of the distribution of energy throughout the X ray spectrum 
shown in Fig 71 holds good for all apparatus (spark coils or transformers), producing 
a variable tension In the case of continuous current plants the maximum v alue of 
the intensity is moved sliglitly towards the shortest wave length, and this fact is of 
considerable importance m X ray therapy 

Tins heterogeneous beam of X rajs having a continuous spectrum is the first 
and, for the radiologist, the most important result of the cathode stream bombardment 
m an X ray tube The composition of the beam is independent of the material of the 
anticathode and depends only on the maximum or peak voltage which is applied to 
the tube The boundary vravc length is a measure of the pevk voltage and therefore 
defines the composition of the beam for all apparatus The boundary wave length is 
therefore a physical quantitj of considerable importance 

CHARACTERISTIC RADIATION OF THE AJiTICATHODE 
The second conversion of electronic energy nt the anticathode consists in the 
liberation of X rays which arc characteristic of the atoms of which the anticathode 
consists Electrons of the cathode stream will collide with extra nuclear electrons of 
the anticathode atoms and ■will sometimes knock sucli an electron nght out of its 
atomic system The gap which is thus produced on one of the atomic shells is filled 
by an electron falling into it from an outer shell In doing so it emits the rays whieli 
are characteristic of the particular jump m the particular atom {see page 58) 

M e find therefore that there are superposed on the continuous X ray spectrum 
from a tube, the lines of characteristic radiation of the anticathode metal Such a 
spectrum, obtained bj the methods described on page 78, consists of a dark band 
crossed by blacker lines The band is the contmuous spectrum referred to above, 
and the lines are the charactensUc wave lengths emitted by the metal of the 
anticathode 
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In medical radiology , the cbaTactenstic radiation of the anticathode does not 
concern us much because its irai e length is already longer (i e , it is softer) than the 
X rays which are generallj emploj ed Thus the X rays for tungsten correspond to 
a kiloroltage of 59 to 69 lloreovcr* though the intensits is great, the range of wai e 
length of each line is so c^cee<llngl3 small that the total effect due to these lines, on 
film or tissue, becomes neghgible 


THE TEMPERATURE RISE OF THE ANTICATHODE 

Tlie third effect of catliode ray bombardment is a rise in temperature of the 
anticathode to red or white heat It is due to cathode rat dectrons whose energ% 
is nearly spent, impartmg the same to atomic systems as a whole and causing tliese 
to vibrate 

This effect interests us onls because it puts certain limitations on the use of 
X ra\ tubes and makes certam precautions necessary (see pages 4-16) 

It must be noted, however, that of the energy of the cathode stream more than 
99 per cent is com erted into heat lo the anticathode. Tlie actual percentage which 
IS used up in producing X ray's depends on the voltage applied to the tube and on tlie 
atomic number of the anticathode metat 

Rutherford and Earoes found the following relation between voltage and the 
percentage of cathode-stream energy which is con^ erted into X rays in a tungsten 
anticathode— 

K V 4S 64 96 

percent 0 118 0 193 0 274 

ABSORPTION OF X RAIS 

The fact that a shadow is cast on a fluorescent screen when a hand is hdd between 
it and the source of X rays shows that the mtensitv of the rays has been reduced 
Some of the radiation has disappeared in passing through the hand and therefore 
the fluorescence on the screen is not uniformly bright, A part of this vanished energy 
IS absorbed ” b\ the matter through which the beam of rays passed, that is to sav, 
it IS converted mto electrical, thermal, chemical and biological effects The rest is 
* scattered ” 

The use of X rays both as a diagnostic tmd as a therapeutic agent is based on 
this ^amshmg of the eneigy of the beam when it passes through matter For 
diagnostic purposes we use the ravs which remain after passing through the body 
and which leave a record on fluorescoit screen or film sndi that the •^'anous parts of 
the body cast shadows of a density d^iendmg on bow much radiation energy has 
vanished, i e been absorbed within them For therapeutic purposes, on the other 
hand, we employ the vanished X r3\ energy, i e., the part which has been “ absorbed ” 
and converted 
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Onlj that portion of X ra\ enei^ which is absorbed will produce the 
physical, chemical and biological changes which make X rays so useful in medicine 
The rays wluch pass through the media unabsorbed and unchanged leave no effects 
noticeable to out senses 

As long as the current tlirough the tube is propelled by a comparatively low 
\oltage (say 40 K V ) the difference in luminosity of those parts of the screen which 
are not co\ ercd by the hand, and those which aic is great , and so are the contrasts 
between the flesh of the fingers and the finger nails, or between the latter and the bones 
of the fingers M hen the voltage is increased the brightness of the fluorescence also 
increases, but the transparency of the band increases much more rapidly, so that when 
about 100 kiloiolts are employed the parts of the screen cohered by the flesh of the 
hand fluoresce with a light neatly as bright as those which are not covered and the 
shadows of the finger nails and other fine details which were clearly lasible at a lowir 
tension have disappeared entirely (see Plate II) 

This fact IS certainly noticed by ail soon after the\ begin to use X rays, but the 
important lesson to be learned from it, i e , that the finer details, which are so important 
in many cases for correct diagnosis, can only he obtained icitb a certain quality of A rays 
IS frequently oi erlooked 

If we hold a sheet of alumtmum, 1 mm thick, behind the fluorescent screen, 
it will cast a shadow of about the same darkness as the flesh of a thm finger or as a layer 
of water 10 mm thick A second sheet of niummmm, added to the first, will increase 
the depth of the shadow, but will not quite double it If we hold sheets of platinum 
and lead 0 1 mm thick, behind the screen, the shadowswill be much darker than that 
cast by a sheet of alummium ten times os thick but though the sheets have the same 
thickness and platinum and lead hai e nearly the same atomic number there will be a 
considerable didcrcnce m the depth of the shadows That produced by the platinum 
(atomic number 78, specific granti 21 5) will be much darker than that produced b\ 
the lead (atomic number 82, specific granty ll 3) 

These experiments show that the degree of reduction of intensity varies widelv 
It depends on — 

1 The tension appbed to the terminols of the tube, i e , on the wave length 
of the X ra\ s The greater the voltage, i e , the shorter the wave length, the smaller 
mil become the reduction in intensity 

2 The atomic number and the specific graiity The greater thev are the greater 
will be the reduction in intensity 

Calculations and experiments show that the intensity of X rays increases xalh 
the square of the tension, but that the “ reduction of intensity " of X rays by any 
particular material decreases in proportion to a yet higher power of the tension In 
consequence of this an increase in tension does not produce proportionate effects in 
the fluorescent salts of screens the bromide of silicr of photographic emulsions, or the 
celk of animal tissue They are smaller than tre would expect, because although the 
higher voltage creates more X rays it shortens the wave ler^h at the same time, 
thereby mcreasing the penetrating power and reducing the amount of radiation 
whicli IS absorbed 
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SCATTERING OF X RAiS 

X Ta\s are “ scattered ” m passing throngh matter \ narroir beam of sunlight 
passing through air or M-ater is more obnous to an e\e not placed in the actual path 
of tlie light when tlie nir or water is turbid witli smoke or suspended matter than when 
thej are clean The reason is that the small particles of matter in suspension reflect 
or “ scatter ” the sunlight awa\ from its path m all directions It is the same with 
X rays, but all media are “ turbid ’* to them 

In Fig 72 we see diagrimmaticollj how scattered radiation arises eieijTvhcre 
It appears from the glass wall of the X raj tube whose focus is T The tissue T and 


+ 



+ 



the bones B of the patient giie nse to scattered ra\s, os does the sandbag S and the 
top of the coucJi C 

In Fig 73 is shown a method of demonstrating the presence of scattered m\s 
\ screen is placed at the side of the patient through whom X ravs pass from the 
focus F Altliough these primarj ravs cannot reach the screen, a bnght fluor^cence 
will be set up by scattered rays 

Scattered raj's tend to increase the intcnsi^ of the radiation which readies 
a particular objectn e m the bodj The primaij beam suffers losse* through mcreasmg 
distance and absorption, but that part of it which reaches the ohjectue is increased 
by rays which are scattered towards this point from more distant parts of the body 
It was assumed for manj jears tliat just as reflected or diffused hght is of the 'ame 
quahtj as the incident beam, so scattered X rays are mereh pnman X rai-s which hai e 
been turned aside from their path That this is not «o was shown bj Compton 
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Scattered N ra\s are a little softer, le, they ha\e a slightl) longer wa\e length 
than the primarj beam The greater tlie penetrating power of the primary rap, tlie 
greater also will be that of the scattered mjs, but increasing distance and absorption 
reduce their intensity 


THE INFLUENCE OF WAVE LENGTH ON ABSORPTION AND 
SCATTERING 

Tlie quantit\ of energy which is absorbed from a beam of X rajs and converted 
to other forms of ene^ groivs less as the atomic number and density of the irradiated 
material decrease and as the wave length of 
the rap decrease Scattering, on the other * 
hand, increases with decrease of atomic number 
and wave length 

The human bodj consists cliiellj of 
hjdrogen, carbon, oxjgen, and nitrogen, and 
IS therefore not a hearj absorber of X radiation 
compared with, saj , the metals 

The preponderance of scattered radiation 
over absorbed radiation, however, increases very 
rapidly as the wave length decreases Tlie 
rohtionship is best seen m a diagram (Fig 74) 

On the horizontal axis arc plotted the wave 
lengths The \ ertical axis shows percentages of 
the total quantity of radiation winch is remov ed 

both hv absorption and bj scattering from the primary beam of rap It will be seen 
that at a wave length of 1 0 \ U 93 per cent is absorbed and 7 per cent scattered, 
but at 0 2 A U onlj 10 per cent is absorbed, whilst 00 per cent is scattered 

FILTERS 

Tlie absorption which takes place when the rajs pass through matter tends 
to make the rajs gradually more homogeneous After a beam of heterogeneous mjs 
has traversed matter, its mtensilj has been weakened, but as the soft rajs have been 
absorbed and weakened to a much larger extent than the hard ones, the composition 
of this beam is changed, and it now contains a higher percentage of hard nvs than it 
did before 

We use this property of matter to “ filter ” the X raj s before they reach the 
human bodj If we use metal filters of sufficient thick-ncss or density, the medium 
and soft raj s can be absorbed to such an eclent that all those rajs, for instance, which 
would be heavily absorbed bj the skin or superficial tissues are eliminated before they 
reach the skin Tlie mjs are not transformed in anj v\o> into anotlicr wave length, 
and It would be useless to attempt to use filters with sojl tubes Hard ruj-s cannot 
be expected below a filter unless thej are generated bj using lugh voltages The hard 
67 







SCHALL 


raj s predominate after filtration onij because the soft ones hare been absorbed b\ the 
filter to a much larger extent, but the hard ta\s become •weaker too In fact, if we 
once more examme the intensity wa\ e-length curve 
^hich has just been alluded to, we find that filters 
move the energj maximum towards the minimum va^e 
length and decrease it at the same time (see Fig 75) 
ITie degree of filtration depends on the atomic 
weight and specific gravit\ of the metal used, and on 
its thickness It is not possible b> filtration to make 
the X rays homogeneous’ from the physicist’s point 
of Mew, but nhen it has been carried so far that, for 
instance, a 10 mm layer of tissues of the bodv nearest 
the sktn absorbs the same percentage and no more, of 
the X ra\s which reach it as a layer of similar tJiickness 
5 or 10 cm beltno the sLm, wc say that the rays ha\e 
become homogeneous for btologieal purposes ” (see 
Fig 70) To reach this degree of homogeneity for the 
human body, it is necessary to use alumimum filters no 
less than 12 mm thick, or zinc or copper filters 0 5 mm 
thick The latter are preferable, partly because sheets 
12 mm thick liecome incoQ\emcnt, and partly because Uiej scatter the rays 
too much 

If the 0 5 mm filter of zinc or copper is replaced by one 1 mm thick the percentage 
of hard rays will itictease 5 per cent, and the 
duration of the exposure has to be doubled If 
It were replaced by a filter I o mm thick the 
percentage of hard rap -Kould be increased by 
10 per cent but the duration of the exposure 
would base to be four times as long is inth 
the 0 5 mm filter On the other hand if a filter 
of 0-2 mm were substituted in place of the 
0 S mm filter the percentage of hard i»vs would 
be reduced bj 4 6 per cent but the duration 
of the exposures could be reduced 50 per cent 

Filters are indispensable for all thera 
peutic exposures as we shall see later on 
Even for diagnostic exposures it is advisable 
to use aluminium filters 0 7 to 1 mm thick 
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THE CONVERSION OF X RAl 
ENERGl BY MATTER 
■\Vhat, then are the laws which go\em 
absorption and scattering of X ravs 1^ 
matter ’ X ray energy entermg a body 
trav do one of three things (1) It max pass on unchanged , (2) It may cause a 
photo electron to fly out of the inner nng of an atom, at the same tune causing 


A represents the passage of an unfiltered 
beam it becomes homogeneous near X 
B represents the sam- beam filtered through 
C a mm Copper 
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that atom to emit characteristic radiation as described on page 58 , or (3) It maj 
meet an electron, either alone or loosdy attached to the periphery of an atom, and be 
scattered In that case, part of its energy is used up m settmg the electron m 
motion, and so the energy rvluch remains m the scattered raj is less than m the 
primarj raj The scattered ray, therefore, has a somewhat longer wa\e length, 
1 e , IS softer, than the primary ray. 

The dlsco^ery of this is due to A H Compton, wherefore it is referred to as 
the Compton effect It really means tliat trains of ether waves are capable of 
exciting a definite pressure on bodiw in their path In the case of sunlight being 
scattered m a dust laden atmosphere, the dust particles are of such a mass that the 
ether wa%e pressure will not ino\e them and so the energy of the ether va\e is 
reflected »n toio If, liowei er, the particle is of \ ery small mass, e g , an electron 
the pressure of the ether ware may be used, in part, to cause the electron to fly 
Its direction of flight is governed by two factors, naraelj (1) any forces of attrac- 
tion due to atomic nuclei to which it may be subject if it happens to be an extra 
nuclear dectron on an atomic penpherj , and (2) anj energy of motion which it already 
possesses when it meets the tram of ether wa\es The direction in which the 
etlier wares move after the impact with the electron, le, the direction m which 
the particular electron scatters the primary raj, depends on the direction m which 
this electron flies after the impact Such electrons are spoken of as “ recoil *’ or 
“ Compton *’ electrons 

Thus we see that as a first result of the unpact of N raj s on matter we get — 

1 Photo electrons 

2 Cliaractcristic raj's 

8 Scattered rays 

4 Hecoil or Compton electrons 

Each of these four forms of energy will now undergo a second change In the 
first place, a few of the photo electrons and some each of the characteristic raj-s and 
of the scattered raj s will lea^ e the body and canj on outside — from the point of new 
of absorption they concern us no more 

Of what IS left, the photo electrons will behave like cathode rays movmg with 
everj conceivable velocitj up to a maximum which is determined by the wave length 
of the ptunatj rays The fastmoMOg ones will set free secondary photo electrons, 
accompanied as before bj characteristic rajs, and the slow ones will give up their 
energj to an atom causing it to oscillate, j e, they will produce heat 

The diaractenstic rajs which do not leave the bodj maj gi%e nse to photo 
electrons of a slow monng kind, but thnr number will be ^ ery small because the wa\ e 
length of the characteristic rajs is not sulBcientlj short The bulk of the cliaracter 
istic raj's Will be scattered, giving nse to Compton electrons 

The scattered portions of the ptunaiy rays which do not lea\e the body will 
behai e like the pnmarj raj s in setting up photo electrons characteristic raj's, scattered 
raj's, and Compton electrons, but smee the wave length of the scattered raj's is longer 
than the primary wave length there will be fewer photo electrons and less characteristic 
radiation, but more scattered raj's and more Compton electrons, at tins second stage 
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Finally, tlie Compton electrons, being of a slow-moving kind, wiD, m tlie mam, 
transfer their kmetic energy to an atons as a whole, causing it to oscillate or vibrate, 
1 e , producing heat. 

The second stage of absorption therefore gi\ es us . — 

1. Photo electrons, 

2 Characteristic rays 

3 Scattered rajs 

4 Compton electrons 

5 Heat. 

It must be noted, however, that there has been a considerable degeneration of 
eneigj The photo electrons of the second stage arc slower than tliose of the fir^ 



and much fewer m number, and the charactcnstic ravs are of longer wave length and 
less mtensitj. 

In a tiiird stage, the same processes go on again as m the second, but less energy 
wiH leave tlie bodv as photo dectrons, diaiactenstic and «-cattered rajs, and what is 
left rapidlj degenerates mto heat bj way of Compton electrons 

Fi<» 77 gives a diagrammatic representation of these Iransformalions and 
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retransformations of cne^ which maj be assumed to take place when \ ra\s arc 
absorbed bj matter 

The question arises s\hether the result of absorption of X ra\s is mcreU a 
heating up of the bodj , and, jf so, whv the bod^ cannot be heated b\ other means 
to achje% e the same result In answering this we must remember that though the end 
effect IS heat, the amount of energy which is converted into heat is only a part of the 
total energv winch was absorbed The other part is used up m producing photo 
electrons and in setting recoil or Compton electrons in motion These, howcicr, are 
snatched out of atomic rings, and m mam cases are the links whicli hold together 
complex agglomerations of atoms, m the form of organic molecules The readjustment 
of the equilibrium of the extra nuclear electron sj-stem after n photo electron has been 
removed may take time The glow of a fluorescent screen after tlie X ra} s ha\ e been 
stopped teaclies us this and it is hkel> that there are atoms and molecules which 
continue in such an “energized** or phosphorescent condition esen longer 

It seems reasonable to suppose that the photographic effects of X ra\*s on a film 
or their biological effects on the human bod> are due to the rearrangement of atoms 
and molecules produced b\ the remmal of the Imking electrons, but here again wc 
must pomt out that other theories exist Thus Dessauer, m 1922, expressed Uic Meir 
that biological action is, m the mam, due to tlic heat to which as we lime seen, the 
absorbed X ^a^ eneigj degenerates The total quantitj of heat is, of course, small, 
as, indeed, is the total quantity of energv of the X raj beam, but Dessauer explains 
his theoT} b} assuming sudden great rises of temperature in molecular volumes He 
calls this the production of “ point heal ’ 

Yet another v lew is that owing to the remov al of electrons from atomic orbits, 
there is a piling up of negative charges in one part of a cell and positive m another 
1 e , the electric equilibrium of colloidal conditions is upset, therebv giv mg rise to 
pbotographic and biological results 

^liatever be the truth it isendenl that much research work lias j ct to be done, 
and the field for exploration bv biochemists phvsicistsandradiologistsisavcrv largconc 
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CHAPTER r 

MEASUREMENTS OF X-RADIATION. 

DOSAGE 

Whe> we wisb to profit bj the experiences wbicli others hare gamed, or to repeat 
the results which we obtained prcnouslj, or to communicate them to others, it is 
essential that the qualit} and intensity of the X raj’s which produce certain effects 
can be measured and described so that the same conditions can be repeated 

The effects produced b) \ rajs either in a photographic film or in the human 
body depend on the amount of radiation which has been absorbed m either case 

This amount of absorbed radiation is determined bj — 

1 The intensity of the rajs lotensitj is the same as that which we call 
** brightness *• when speaking of risible hght 

2 The tune for which the photographic film or human bodj is exposed to this 
intensity of radiation 

8 The ware length or penetrating power of the X raj beam 

Th«e axe the three mam faclon, but as intensity itself depends largely on 
Toltage and absorption, and scattering depends on wai e length, the two factors, intensitj 
and wave length, are somewhat interlmkcd, and we must endeavour to sepirate them 

MEASUREMENT OF INTENSITY 

The mtensity of a beam of X rays at a particular point is goierned bj the 
followmg four factors — 

1 The intensity of rays produced at the focus of the tube, i e , the current 
through the tube 

2 The distance between the focus and the pomt 

3 The absorption and scattermg due to matter between the focus and the point 

4 Arising out of 8 the ware length of the radiation 

The diange of mtensity of rars emitted by a tube at anj particular voltage can 
be conrenientlj observed on a milhamroeter, which gives us a reading of the current 
passing through the X raj tube 

MUliammeters consist of a spool of wire suspended on jewel bearings between 
the pole shoes of a permanent magnet and carrying a pomter The spool is held m 
position by two spiral springs A current passmg through it will set up a magnetic 
field which tends to turn the spool from its position of rest agamst the torsion of the 
sptmgs (Fig 78) The greater the current, the greater the twist on the spool, and the 
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greater, tlierefore, the deflection of tlie needle over the scale, which is graduated m 
milhampdres 

A knob at the top or bottom enables us to put a certain amount of resistance 

m parallel with the spool whcrebj only a fraction— one tenth, one liundrcdth, etc of 

the total current through the instrument passes through the spool The same deflcc 
tion of the needle can therefore read tliree different currents according to the setting 
of tlie shunt knob A figure on this knob indicates the % alue of the scale reading 

We must bear m mind that the miUiammeter does not measure the total a alue 
of each impulse or half-cjcle of current, but a mean ^a!ue winch is go\cmed hj the 
maximum value of each impulse and the number of impulses per unit of time 

The position of the pointer is determined by the parallelogram of forces (Fig 79) 
Along A C is measured the maximum aalue of each impulse and along A F the time 
wliicl) elapses between two sueceeding impulses. 



le, during which no current Hows in the 
milliammetcr rt/ly tniense discharges per second 
produce the same dejleetton of the pointer as 100 
discharges of half the tntensiitj It is a decided 
nd>antagc that this is so, because 50 intense 
flashes of X ni>s produce the same biological or 
chemical effects as 100 flashes of half the 
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Fig 7!) 


intensity If the miUiammelers were to indicate the maximum of each single 
discharge, without regard to frequencj, os for instance the oscilloscojie tubes do, it 
would become necessary to measure the number of discharges also 

This would be a slight additional complication in the case of altemnlmg current 
supplies and transformer units, for we have the choice between non rectified currents 
at 50 half cjcles per second, rectified ones at 100 halt c>clcs, three phase ones at COO 
impulses per second, and condenser units ginng continuous current In the older 
tjpes of high tension unit with the spark cod, the complication becomes almost 
insuperable, because every interrupter has a different frequency. As the millinmmetcrs 
indicate a mean value, we have only to measure the current registered, the time for 
which it is flowing and the voltage which is driving it 

One factor, however, docs have a bearing on the value of the millianiniclcr 
reading and requires attention, and that is the shape of the curve of the secondory 
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current. On page 02 we described how the energy distribution throughout the spectrum 
of an X-ray beam, i e , its quality, is practically constant for all forms of secondarj 
current curve because the X ray intensity varies as the square of the voltage and 
therefore falls awaj vet}’ rapidly when the tension drops below peak value. This 
very fact, however, causes the Xray value of the milharapfere to vary between one 
tj'pe of apparatus and another 

The old spark coil, whicli produces steep impulses m which the bulk of the energy 
goes through at peak tension, converted a larger part of the electron energy of the 
cathode stream into useful X rajs than does the transformer, which supplies an alter- 
nating current Here the voltage rises comparatively slovriy to a peak, so that, 
particularly in the case of hot cathode tubes, where no ionization potential is 
necessarj, manj electrons fly at speeds which do not lead to the production of useful 
X raj s Though no rav s are generated, yet the current has flowed and the milharameter 
has registered Such units, therefore, give less X ray intensity per milhimpere than 
those producing sleep impulses 

It will be found that the condenser unit and the old spark coil give the 
best value in X ray intensity per milhampire Xevt comes the transformer with 
mechanical rectifier, and last the transformer witli no rectification or with valves 
The diKetence m efliciencj of conversion of current into X rajs between the first 
and the last of these tjpes is probablj as much as 1 3 ^V1th a spark coil 10 nulh- 
amperes will do what 30 will from an unrectified transformer— other things bemg 
equal Notwithstanding this point m favour of the coil, the transformer has become 
the unit of choice because the 150 per cent more miUiamperes are easily produced, 
tubes to stand up to the current exist, and the regulation is more simple 

Tlie milliammeter reading therefore gives us o guide as to whether the X rav 
intensitj from a tube has changed and if so, to what extent It cannot be an absolute 
measure of intensitv , its value of X raj’s per millmmpere vanes not only with the 
voltage at which the current is flowing but also with the wave form of Uie secondarj’ 
current, and it is an indirect measurement , that is to saj , it is the measurement of 
a quantity upon which intensity depends — not of mtcnsitj’ itself. It is, however, a 
most useful guide in controlling an apparatus 

Direct Observations ol JolMisily are also pcesible, and in them we 

emplov one or otlier of several properties of X rays Thus they’ discolour barium 
platino cyanide, thev affect photographic emulsions, and they alter the conductivity' 
of air by ionization The first two of these effects are employed m instruments for 
the absolute measurement of dose and will therefore be described under “ Dosage ” 

The method of choice for X ray intensity measurements to day is ionization 
of air, and a considerable vanetj’ of instruments exists wherewith this oan be dore 

IONIZATION MEASUREMENT OF INTENSm’ 

In Fig SO we see a dtagrammatic representation of the ionizing effect of a beam 
of X rays on air. Electrons are liberated from the atoms, leaving positivelv chained 
ions If two electrodes, insulated from each other and connected to a source of 
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elccfncit^, are insertctl m a cJiiraber whose content of air is ionized by X rajs, a 
current v.i\l be carried from the negative electrode to the positive, bj means of 
the liberated electrons 

Tins fact IS the basis of all instni 
menLs which measure intensitj of X rajs 
bj ionization An electroscope is charged 
with electricitj so that the two vanes repel 
each other The charge of electricitj is 
then aWowTfd to leak anay to earth tZirough 
the air which has been lomzed bj X rajs, 
and the rate at which this leak takes place 
IS a measure of the intensity of the X ray 
beam 

THE lONTOQUANTIMETER 

Fig 81 shows the scheme cf an 
lontoquantimeter A A are fi\cd alummiura 
vanes and B B ore mo\ able ones mounted 
on jewelled pivots To BB is attached 
a pointer which moves oier a scale A A 
and B B are both connected to a wire C 
which passes down a tube D and ends m a stem E, inside a small aluminium thimble 
r The wire C and stem E are most carefullj insulated from the tube D, and so is the 
system of vanes A A B B from the box G which surrounds it Both the tube D and 
the box G are heav ily coated vath sheet lead, so that onlj the contents of the thimble 
F can be evposcd to X radiation 

To operate the instrument a charge of electricitj is given to the sjstem of vines 
A ABB by means of a small electrostatic machine, so that the movable ones BB 
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are caused to swing awaj from the fixed ones A A owing to the repeUmg oction of 
electric charges of like sign The spiral spring S shown in the tllustntion tends to bring 
B B back to^’tlie zero position alongside of A A A state of equilibrium is thus set up 
between the tepellmg electric force and the restoring spiral spring force, and the pointer 
comes to rest somewhere on the scale, the actual position depending on the size of the 
electric charge 
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As soon as X radiation faUs on the air content of thimble F, ionization is set up 
and the electric cliarge on the system A A B B leaks through the ionized air to 
the outer co\er of the thimble and thence to earth The vines therefore collapse 
under the force exerted bj the springs, and the speed with which thej do so, i e^ the 
speed at which the pointer moves o\er the scale, is a measure of the ionization pro- 
duced m the thimble, i e , of the inlensitj of the beam of X ravs which causes it. 


THE X-RAY-RABIUM BAIANCE 


Another instrument which uses the ionization produced by the X raj's to 
measure the intensitj of the beam is the radium balance designed b\ Professor Russ 
Instead of determining the degree of ionization by observing the rate at which an 
electrical charge leaks away from the electrometer, we balance the ionization due to 

tlie X ray beam against that which 
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IS due to a fixed radium s t anda r d 
incorporated vn the instrument, VTe 
can then express the intensity of the 
X radiation m terms of a known 
quantitv of radium 

Two ionization chambers (Fig 
S3) A and B are <o placed that A 
IS exposed to X ravs and B to 
radium rajs The electroscope in B 


IS connected bv a conductor to a metal stem projecting into A Both the stem 


and the electroscope are very careftiUj insulated from their surroundings The 


outer walls of the two ionization chambers are connected to a source of cleetnc 


supply of 200 volts contmuous current, and in addition the wall of the chamber 
B is earthed If now A is exposed to X rays while B is uuexposed, the air 
m A becomes lomzed and the stem receives a charge from the 200 volts supph 
The leaves m B therefore separate tVhen the radium is brought up to B, the am 
ID this chamber becomre jomzcd and some of the no tie drrijnsrOjpf? 

can leak awav The leaves therefore collapse somewhat, though not altogether, 
because fresh electnc charge is contumallv reaching them from the source of supply 
via the lomzed air m A The final position which they a^ume is a measnre of the 
relationship between the ionization due to the 
X rays ui A and that due to the radium ravx m B 
The Ionization Chamber is the critical 
part of these instruments 

Fig S3 shows the usual shape of sudi a jTu sa. 

chamber Its walls must consist of a irmtenal 

such that its effective atomic number is equal to that of air (7 69) If this is 
the case, then the ionization produced in the chamber is reasonabh independent 
of the wave length of the X rays 
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MEASUREMENT OF QUALITY OR WA\E LENGTH 
The quaUt\ or wave length of \ ray# depends directlj on the roltage which is 
apphed to the ends of the \ ray tube can therefore determine the quality 

bv measuring cither the v oltage or the wav e length itself 

KILO\OLTAGE MEASUREMENT SPHERE SPARK GAP 
The oldest waj of expressing the peiictrating power of X rajs was by means 
of the equn alent spark gap This consisted of a point and i plate attached to the tw o 
discharge columns of tlie spark cods which were formerly used It was placed m 
parallel with the X raj tube (see Fig 8t) At a certain distance between point and 
plate depending on the resistance of tlie tube the current would prefer to discharge 
through the spark gap This distance was hnmm as the equivalent spark gap of the 
tube and tubes were rated at so man> 
inches ej g 

The equivalent spark gap fell into 
disus“ for some j cars because it was 
inaccurate on accouut of the corona 
discharge from the point and its v armbtht> 
with the humidit} of the air Ionization 
of the mr bj X ravs also upset the spark 
gap readings 

Latterly it has come into use ogam 
because it was found that if the point and 
plate arc replaced by polished metallic 
spheres vre have a spark gap whose read 
mgs are only sUghtlj affected by humiditj 
and other disturbmg factors Careful 
measurements of the distance between the sphere surfaces were made and tabulated bj 
Peek of America Tlie table gives the length m centimetres of the spark gaps between 
pomt plate sphere.^ o cm in diameter and spheres 10 cm in diameter for every 10 
kilov oils from 40 to 200— i e the range covciTcd by X raj diagnosis and therapy The 
point plate gap is nev er v ery accurate, whefcas tlie sphere gap is accurate until the 
gap IS appreciably larger than the d ameter <»f ^ sphere 
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Such gaps are now -Qtted to most high tension units and are generally so arrang^ 
that one sphere is fixed whereas the other is movable and can be pulled towards the 
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fixed one by means of a cord Tlie mo\ nble one is attaclicd to a spring, so that it 
returns to maximum distance as soon as tbc cord is released A pointer mo^ es o\ er 
a scale ivith this sphere, and the reading at which a spark, passes is noted — the cord 
being released at the same moment 

On spark coil units such sphere gaps are essential so that thc\oltage can alwajs 
be read at e%er\ strength of current tlirough anj tube Tlie complete working 
conditions are then known, and there is no harm m allomng the secondarj discharge 
from a cod to pass through such a gap Tiie reason for this is that the voltage of the 
coil drops as soon as the spark discliatgt has set in (see page 27) but not before the 
reading of the voltage operating the tube has been obtained 

In the case of closed iron core transfonners sphere gaps arc also fitted but 
must be used i erj sparmgli , because as soon as the discharge bridges such a gap, 
an arc is formed and the secondary of the transformer is practicallv sliort circuited 
It this is allowed to take place too often, the transformer is subjected to 
seiere stram 


PRE READING KILOVOLTMETER 

This trouble is oicrcome by making use of the fact thot the pnmarv and 
secondary tensions of a closed iron core transformer arc in the same ratio as the number 
of turns of wire (see page fSO) This is true so long as the priman a oltage is controlled 
by an autotransformcr and not by means of ohmic resistance (see page S3) and so long 
as the transformer is operated uithin its rated output We can then determme the 
secondary loltage bi measuring the aoltage which we opply to the primary terminals 
and multiplying it by the ratio of the turns 

^lost closed core transformer units therefore carrv a voltmeter on their control 
tables, which measures the primary aoltage, but is cabbrated m kiloioUs and shows 
the tension available at the secondary terminals The sphere gap u Inch is sometimes 
supplied IS therefore only used as a \ ery occasional check on the kiloi oltmeter and on 
the condition of the whole unit 


WAVE-LENGTH JIEASUREMENT BY SPECTROMETER 

X rays are a wave motion of the ether and hai e e^ ery conceu able wave length 
from that of y radiation at, say , 0 01 A U to that of ultra ^ lolet radiation at 500 A.U 
\^e should therefore be able to resolie them mto a spectrum, just as we can form a 
spectrum from sunhght, by passing them through a prism or a diffraction 
gmtmg 

This was impossible until von Laue had shown that crystals with their absolutely 
uniform arrangement of atoms would provide a natural grating in which tlie distance 
between neighbouring planes was sufficiently small to cause interference in X ray beams 
rtflected from them No artificial grating could be made which would liave its lines 
so near as to haie this effect 
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How docs the crjstol grating produce the interference eHecl, end how can we 
use It to measure Mate length ? Fig 85 esplams the phenomenon 

A B, A'B', ATI', etc , are X rajs 
Mhich strike succeeding atomic planes m ‘s. 

the cri staJ The planes are a distance d «. 

apart and the rajs are all reflected in , 
the direction c 'N. 

Considering tMO neighbouring 
raj s ABC and A'B C, the former is 

reflected at B and the latter at B' r ^ 

Suppose A'B' had passed on unrcfleclctl, — ■ — d — , 

it would ha\e reached the point D when F,g ^5 

the ra\ A B reached B 

Ihc diflercnce in the length of path tra\eiled b\ the two rays ABC and 
A'B'C IS A'B B - A B = A B' + B'B - A B, 

Now BTl s B D 
A B - A'N 
AN* V B + B \ 

. A D B - A n * A'B + B D - A B - B N 
= B D - B N 
-ND 

This difference is N D * 2d sm 0 where $ is the angle of incidence of the beam 


Now when this difference is equal to a whole ware length the two beams arrne 
at C in phase and reinforce one another, thus producing on effect on a fluorescent screen 
or photograpluc plate But when the dilference is anj fractional amount of a wa\e 
length, lhe% weaken or c\ cn cancel each other and no effect is produced Radiation 
of a particular wa^c length must therefore strike the crjstal at a particular angle m 
order that an effect may be produced on screen or film bj a reflected beam C And 
con\erselj for any particular angle of inadence 6 a parbcular wa\e length of X rays 
IS picked out of the beam — if it is present at all— and reflected, thereby causing an 
effect on the screen or film 


By rotating the crjstal with respect to the axis of the pnmaij' beam, we vars 
the angle of madence 8 through ererj possible aalue, and we therefore cause e\erv 
wa%e length which happens to be present to act on the screen or film m succession 
We cannot, of course, see the whole spectrum at once, because only one particular 
wavelength is reflected at a time We can, however, take photographs of the spectrum 
by keepmg the crystal in motion by clockwork and a]Io\ving the reflected rajs to sweep 
over a piece of photographic film 

There are two tj^ies of X ray spectrometer The first is a direct 
reading one bj llarch, Staunig and Fritz, the principle of which is shown in 
Fig. 86 


The rajs pass through two slits in lead diaphragms Dj and Dj and through a 
crystal plate C The bulk of tiie pnmary goes on undeviated to strike th^ creen or 
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film S in O A portion, howe\cr, is deviated b% the planes of the crystal to A, on the 
screen or film TJie distance of from O, and its position to the left or right of O, 
depend on the position of the cr>stal C 

There are therefore two spectra, one on citlier side of 0 witli their shortest or 
boimdarj wa\ e lengtiis nearest 0 and the longest ones farthest awaj Therefore, as 
we rotate the crystal m cither direction, the reflected my spectrum will suddenly flash 
up increase in intcnsitv aswemo\eitfarlIicrawa\ from 0, and then die awaj — according 
to t?ie tatenstU cune on page 62 instrument is calibrated in such a war that 

the boundarj wa\e length can be read off directlv on a scale after the two points where 
the edge of the spectrum lies to right and left of O ha> e been determined 

The position of the boundar\ ware lengtli can be 
detemuned either bs direct vision or pholographicalls 
The March instrument is intended chiefly for the 
measurement of boundary ware length and, arising out 
of tius, the crest roltage The number of Lfloiolts 
available on the terminals of the tube can be found 
out, if the figure 12 4 is divided b> the value of this 
shortest wave length If the spectrometer should, for 
instance, indicate this to be X, — 0 12, the formula to 
find the number of kilov olts will be — 

12 4 

- — -103 5 Kl 
012 

It IS thus possible to find the tens on prevailing 
on the terminals of the iuie tehiJe a current tr Jlou:tng 
The ralue of the tension thus obtained differs from, 
and IS more important than, that giren bj the cqmv alent 
spark gap The latter measures the voltage immediately before an impulse 
discharges — ^le, on open circuit It cannot therefore give an absolute measure 
of the roltage which is actually driving current through the tube, and to cah 
brate the equivalent spark gaps m Angstrom units as has been done, is entirelv 
inaccurate 

Wlien the actual number of volts discharging through the tube on clash'd 
circuit is known it becomes possible to determme the elHciencj of individual 
spark coils or transformers much more accuratelj than has been possible up 
to now 

The second spectrometer is due to Seemann and is based on the same pnnaple 
but the reflection of the raj's takes place at the surface of the crj’stal and not vnthm it 
Onlj one spectrum is produced The CTjstal is rocked bj clockwork and the spectrum 
IS recorded photographicallj 

The Seemann instrument whilst it gives an accurate measurement of boundary 
wav “ length, is mainly used to record the whole spectrum with particular reference to 
characteristic Imes 

80 





AIEASUnC^fENTS Or X-Rv\DIATION 


TIIE “HALF VALUE DEPTH'* MEASUREMENT OF QUALITY 

There js jet another method of measuring and registering the quality ofabeam 
of X rajs vrhich is due to Christen It is based on the fact that the intensity of the 
rajs IS diminished by absorption and scattering and tlmt the degree of diminution 
depends on tlie thickness of a given material and on the quality or nave length of the 
X-ray beam Christen suggested Hint the quality of the beam should be expressed 
in terms of the thickness of n'atcr,fllunimium, copper, or any other convenient material 
nhich would reduce the intcnsilv of the beam to one half 

The easiest xsaj to dctcrinme the half value depth of the radiation from an 
X-raj tube under a particular set of conditions, is to allow the rays to fall on the loniza 
tion chamber of an lontoquantimctcr and measure the time taken for the pointer to 
move over, saj , 10 scale divisions IVitliout any cliange being made in the conditions 
under uhteh the tube is run or m the distances from tube to ionization chamber, etc , 
a scries of filters of aluminium or copper arc now inserted in the path of the rajs 
between the tube and the chamber With one of these, the tune of discharge of the 
lontoquantimctcr will be found to be double uliat it uas before, j e , the intensity has 
been haUed Tlie thickness of the particular filter is the half value deptli 

Water can also be used ns filler and is particularly adv antageous, because its 
opncitj to X raj 8 is about Uic same as that of the human bodj \\ hen we knon what 
thickness of water uiU reduce the intcnsitj to one half, vc also k-now at uhat depth 
m the bod) the same reduction lias taken phcc The wafer must be placed m 
containers whose opacitj is os ncarlj the same as possible (bakebte, etc ) and in which 
Uierc are no metal screws The depth of water m such a container is adjusted until 
the intcnsitj has been reduced to one half 

Another method of measuring the half value depth is to use one of the chromo 
radiometers (Sabouraud, Iloirkncclit, Kicnbock) described on page 82, and find what 
thickness of material reduces the action on the radiometer to one half Such a method, 
though requiring less capital outfaj than is imohed in the purchase of on lontoquanti- 
meter, is less accurate and demands more time 

The advantage of the half value dcptli determination over the measurement of 
voltage or boundary wavelength is tliat it takes into account the ionizing effect of rays 
of all wavclcngtlis, both when no matcnil is m their path and when the material which 
reduces the intensity to one half is present This is important for altliough the 
composition of a beam of raj^ is mucli the same whether produced by spark coil or 
transformer, yet it cliangcs considcrablj when the raj^ pass througli matter The soft 
components arc more rcndilj absorbed than the bard ones, and therefore the picdomin 
ntmg wave length m a beam of Xr-ijs is a shorter one after passage through matter, 
whilst tlie boundary wave length of course remains the same This is the basis of the 
action of filters (see page G7) Not only is this hardening action of passage tlirougli 
matter taken into account by half value depth determinations, but also the difference 
in the amount of scattering and especially back scattering due to hard or soft rays 
Half V ilue depth measurements are not a source of joy to the physical purist, 
because of the number of variable factors which may influence them The doctor, 
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on the other hand, mvist remembet that the mcnsurement of ^ oltage and milhampere 
age refer to the radiation as it leaves the tube The mtensitj and composition of the 
beam reaching the bod>, and patliculatljr at a depth m the bod>, Iwe changed 
considerabh on mg to distance from the source, and to absorption lod scattering 
Changes due to distance are easily calculated, but those due to absorption and 
scattermg are best determined empmcallj , and tlus is n hat half ^ alue depth measure 
ments do Thej are Ukelj to become a mote important method of quality designation 
as time goes on 


DOSAGE 

A dose of X raj s is the quantitj of cnerg\ of radiation which has been absorbed 
and which has therefore gn cn rise to photographic or biological results For diagnosbc 
purposes, tables ha\e been draim up which tell us what current and \ oltage to emploj 
at given focus film distances and for everj pnrt of the bodj so tint the film maj absorb 
that dose of ra\'s which is necessarj to gne a good negotne (see Cliapter VI) 

In the therapeutic use of X ra\'s we haie to deal with doses which would 
blacken a film so completeU that it would be useless If this were not the case, we 
evidcntlj could not emploj the raj's diagnosticalK at all, for we should produce an 
undesirable biological cUect before we had aclue\ed the desired result on the film 

Other means ha'c therefore been devised to measure how much radiation has 
been absorbed b> the bodj Thej fall under two headings of direct and indirect 
methods of dosage 

Direct Methods of Dosage emploj the action which X rays have on a %'aTietj 
of substances Thus it was earlj obserted tliat banum plalmocj anide, nhen exposed 
to X raj's, turns from its apple green colour to a reddish brown, owing to the loss of 
some water of crj'stalhzation This fact is used in the chromoradiometers of Sabouraud 
and Holzknecht and a variety of others The tro menboned are the most important, 
and practicallj the only ones non used 

Another effect which is used is the action on a photographic emulsion The 
silver chloride of the ordinarj photographic film responds too rapidly, and therefore 
Kienbock emploj ed a silier bromide paper which is acted upon sufficiently slowlj 
to record a therapeutic dose 

Lastlj, the lonizabon inslnmienls, which ha\e alread\ been menboned for 
the measurement of intensitj can be used to record dose 

The Sabouraud Radiometer consists of a booklet in which are the pastilles 
of banum platinocj anide and two standard tmts The first of these, kno^vn as tmt A, 
IS that of the unexposed pastille The second is the colour which the pastille assumes 
when it has been exposed to n dose of X ravs which will cause the Iiairs of the bod\ to 
fall out This dose is therefore known as the epilation dose, and tlie second colour is 
called tmt B It has been found empincall^ The pasblles are not verv sensitne, 
and to obtam the changes m colour referred to abo\ e, thej must be exposed at half 
the distance existmg between anticathode and object, so that thex are subjected to 
four times the intensity of radiation 
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As this discoloration is due to dch>drat]on, the pastilles are also sensitive to 
high tcmpcmlure The distance between tlic glass t^nll of the tube and the pastille 
must therefore be nt least 2 cm , otherwise the beat of the glass bulb might help to 
discolour them prcmalurcl} As ordinarj da> light restores the original colour gradually, 
the pastilles ha^ c to be protected from it during tlic exposure, and have to be compared 
inth the standard tint in a light wluc|i is weak in actinic rays, such for instance, as 
the light of an incandescent lamp The pastilles can be brought back to nearly their 
original colour bj exposure to full daylight, but sunlight should be avoided They 
can be used a second, possibl} c%en n llnrd lime, but tliej lea%e no permanent record 
The Sahouraud tints gi'c the epilation dose only , there are no fractional or 
multiple tints a^a^lnble \^e can, ho«c\er, cmplo} the inverse square law— to use 
tint B to record fractions and multiples ns follows 
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Fig 87 slioira lion fneUans ot Uie epilation dose enn be measured niUi tb 
Sabouraud pastilles, bj mereosiii” the distance betneen pastille and skin When the 
pastille assumes tint 11, nitli a foens pastille distance ot 10 cm the 
mil be reached nhen the pnrtllfc slan dutana is aUo 10 cm , but when the latte 
tnereased 

from 10 to 123 153 =1 « 

only 100 80 CO 10 20 pet cent 

of the epilation dose will be obtained on the sUn when the pastille has 

Fig 88showshowmnlliplrsottheepilat.ondosee«nbeme.soredw.thSabonrand 

pastilles by rrfiiem- the d,eta,„e hleeeen “f y,. Sabouraud radio 

The Lovibond Tintometer is a comenient accesso^ to 
meter, as it aHords a means of measuring the colour of the past 
B and fractions and multiples thereof In this Ju e oter on 

fi cp carbon filament lamp is nUowed to fall on a sheet o p P 
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the exposed pastille The reflected light from the ^hite paper (Fig 89) passes through 
a tinted glass before it reaches the cje of the observer, -whereas that from the pastille 
reaches the eje unchanged A senes of glasses can be pro\nded, giving s'anous tints 
including A (that of tJie uncTposed pasUBe), S (that of a pastUls exposed to the ^ila 
tion dose) and fractions and multiples of B 

The Holzknecht Radiometer is practically a combination of the Sabouraud 
radiometer and the Lo\nbond tintometer but equipped with a scale of its own and 

arranged so that the pastille can be used 



either at half distance between focus and 
skin, or else on the slm 

The pastilles arc banum plaUno- 
cyamde and semicircular m sliape In 
the radiometer is fixed a piece of tmted 
celluloid, bght at one end and dark at 
the other On a sliding earner are 
placed an uoexpouci and the exposed 
pastille in contact, so that they form a 
complete circle of banum platino 
cyanide The uneeposed pastille » 
covered by the tinted celluloid, and 
Its colour seen through the celluloid is 
apple-green (Sabouraud tint A) at one 
end and red brown (Sabouraud tint B) 
at the other Somewhere along this 
-.elluloid strip the colours of the two 
pastilles will match and the dose which 
has been absorbed by the bod> tan then 
be read on one of two scales — according 
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to whether the pastille was at liatf 


distance or on the slon 


Holzknecht desused lus scale in orbitrarj units H, such that 3H corresponds to 
Sabouraud tint B when the pastilles in each case are placed at flie b?Jf distance and 
the radiation is unfiltered 


The Kienbock Radiometer, or quantimeter measures the dose by observing 
the effect of X raj-s on silver bromide paper This is much more sensitive to X ^a^ s 
than banum platmoej amde 

■in epilation dose which changes the pastille to tint B will produce blackness 
on the developed bromide paper Shades of gtev between the white of the unexposed 
strip and the black indicate fractions of an epilation dose The strips are exposed 
on the skin and the epilation dose is denoted bj 10 x, and dmded into ten shades 
Each dilfcTS from jis ae/gbbour by ] S’ Thus 10 x on tieKienbock scale is equivalent 
to 1 B on the Sabouraud scale The dose which produces an erythema on the skin 
as distinct from the mere falling out of hair, is 12 x The strips have the further great 
advantage that thej leave a permanent record and can be pasted in a case book 
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The black tint of 10 x on the scale is, however, not convenient, partly because 
there is no indication whether it lias just been reached or whether it lias been exceeded alreadj 
and partly because the dilTerences between the tints of 8, 9 and 10 x are small, so that it is 
difficult to distinguish between them The differences between 1 and 7 arc, lioVever, great, 
and It IS therefore advisable to rely on these oidy for the tests and for comparison, and this 
can easily be done It is knoim beforehand how long approximately an exposure has to hst 
If it IS likely tliat witli the distance, the filter and the number of milliampferes used, the erythema 
dose will be reached in about eight minutes, the exposure should be mtemipted after two 
minutes to develop the luenbock strip If it shows a tmt similar to 3 x on the scale, 
this would mean that one fourth of the erytliema d<Ke has been given, and that if the exposure 
IS continued under llie «ame conditions for another six minutes, the full erythema dose will 
have been reached If the tmt should be similar to 4 x on the scale, the total exposure will 
have to last six minutes only If used in this way, the exposures can be timed more aecuratelj 
than if we would attempt to rely on the tmts 8 to 10 for comparison 

The only disadvantage is that the results cannot be read off until the strips 
have been developed for a definite time (60 seconds) m a developer of definite composi 
tion and at a definite temperatxire (65® F ) These particulars are given with each packet 
of strips The trouble involved, though it is undoubtedly present, is small, and the 
advantage of permanent record is large 

Direct Dosage by Ionization is stiU in its infancy It involves the absolute 
measurement of the amount of ionization produced by a beam of X rays, and not merely 
the degree of ionization for purposes of comparison of one beam with another as is the 
case m determination of intensity (page 74) and m the indirect method of dosage 
(page 87) 

The following is the definition for the unit dose of X rays called 1 Rontgen (I R) 

“ The absolute unit of X ray dose is that amount of X raj energy wlucb, when 
irradiating 1 c c. of air at X8® C and 760 mm mercury pressure, will cause one electro 
static unit of electricit> to flow from one electrode to the other— it bemg understood 
that all the electrons due to ionization ate employed, that there is no production of 
electrons from the w alls of the ionization chamber, and that the current which is measured 
IS at saturation point ” 

At the moment of writing, the whole question of the definition and measurement 
of the unit R, and also of the biological value which is to be assigned to it, is under 
discussion m an International Committee, but there can be no doubt that the absolute 
measurement of dose by ionization, wlien accomplished and made reasonably easj, 
will mark a great step forward in X ray therapy 


COMPARISON OF DIRECT METHODS OF DOSAGE 

The chromoradiometera of Sabouraud, Holznecht, and Kienbock were invented 
and calibrated at a time when skin therap> only was known Their units refer to the 
dose of unfiltered X rays which will cause the hairs to fall out (epilation) and 
lU (Sabouraud) =5H (Holzknecht)=10x (KienbSck) 

If the time of exposure is prolonged by about 20 pet cent beyond any one of these 
doses, the inflammation and subsequent discoloration known as erythema (see page 
80) w ill occur 
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■Measured m terms of tlie electrostatic units, the epilation dose appears to be 
about 600 R, but more •work has jet to be done before this can be regarded as definite 
Hard ra} s and zinc, copper or aluminium filters are now used m aU forms of 
therapj The deeper the organ to be treated, the harder the raj and the hea>aer the 
filter This has changed the conditions for the following reasons Tlie metal salts 
of the chromoradiometcrs, as well as the cells of tlie human bodj , are more transparent 
to hard raj s than to soft, a smaller quanlitj of the former bemg absorbed, but the 
transparencj of the tissues of the human bodj increases more rapidlj than that of 
the metallic salts, because the latter hare a greater atomic weight and specific g^a^^t^ 
\VheTeas IB or 5H or 10 \ represents almost an erythema dose "when soft unfiUered 
raj’s are used, these tmts represent much less when liard filtered rays are emploved 
In other words, sucli hard raj’s produce their discolouring effect on banum platino- 
ejamde long before thej cause erjthema m the skin 

Thus at 170 K ■!’ and with 0 5 ram copper 1 mm Al the erj thema dose on 
these tliree radiometers is rougWj 

SJB = I2 H=C5\ 

Endentlj, tlierefore, if we use am one of them to measure a dose we must 
alwajs add under what conditions of voltage and filter tlic raj’s were applied Doses 
are onlj comparable when tliej refer to raj’s of the same hardness and filtratjon 

It is claimed for the most modem ionization chamber tliat it responds to hard 
or soft ra>’S in almost the same manner as the human body That being so, -we can 
expect on erythema whene^er COO R os measured bj a suitable ionization instrument 
have been applied Dosage will be a simple matter -when a reliable, easilj operated 
ionization instrument is produced m which the total dose m R can be read 


ERYTHEMA DOSE 

To “ measure ” anj’thmg we must hare a well defined unit, or standard, or effect, 
sucb as a j aid stick, a standard candle, ox the boding point of •water The generallj 
recognized unit for the biological effects produced bj ravs is the erj-thema, and the 
dose of radiation which produces it is the unit skm dose (USD or, m German literature, 
HEDj 

The first endenee of the erythema is a redness of the skin appearing one week ) 
after exposure This colour chang«Tnthm three "weeks to brown, and leaves a pertoa I 
nent bronzmg of the skio * 

This unit IS fairlj accurate in so far that the latitude in the dose required to 
produce just this effect is not very great. When the dose is too small, no pennanent 


* Unfortunatelj, some latitude » possible because one operator mav consider a pale redness 
and bronzing another a darker red and brown colour to be the ” erythema. Attempts ba« been 
made to introduce standard colours but thev have not yet led to a satisfactorv result. 

It is worth rtoUDg too that the Frentdi uoderstand under an errlbemo a radio epidernutw, 
or destruction of the epidermis with re-epidcrmatization following within three weeks. The Germans 
regard this to be an X ray bum of the second degree The exposure required lo produce this French 
erythema is fiilly three times as long as that required to produce what the Gcnnnns regard to be an 
erythema. 
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discoloration follow , %\hen it is too great, blisters will appear and the skm peel 
off, or, if the duration of the exposure lias been exceeded to a larger extent, a serious 
bum with ulcerations will follow Numerous expenments and actual exposures have 
pro%e(l that when tlie skin of the same pari of the body is exposed, the difference m the 
reaction of grown up patients docs not exceed 15 per cent The skm of the neck and 
shoulder is the most sensitive Next follons the skin of the abdomen, then tliat of 
the upper legs and the back, whilst the skm of the face is the least sensitive Light 
liaired patients are about 10 per cent more sensitive than dark haired ones, and only 
patients suffering from tuberculosis, diabetes, exophthalmic goitre, nephritis, or 
sv^philis make an exception and are more sensitive The part of a patient’s skm 
wliicli has alrcadj been cxposcxl to the X rajs also remains more sensitive for a few 
weeks or even months than a skm which his not yet been exposed 

Tlic crjthcma dose as a unit is, however, rather inconvenient, because it takes 
sucli a long time till the results show whether the exposure was just right to produce 
on crjtlicma or whether it was too long or too short It is also msufTicient, because 
it shows onij the intensity of the rays which prevailed on the skm, but does not indicate 
the intensitj of the njs vrliich penetrated to objects G or 10 cm heloxc the skm It is 
therefore ncccssarj to cmploj electrical or chemical quanlimeters which enable us to 
determine the dose during the exposure on the skin, or at v arious depths below it 


INDIRECT DOSAGE 

This IS based on the consideration that if two beams of X rays of the same 
composition are allowed to fall on the human bodj under the same conditions of filter, 
focus skin distance, size of irradiated field on the body, etc — that is, if quabty and 
intensity of the beams are identical when they reach the bodv , and if scattering within 
the body is also the same— then they will produce exactly comparable biological effects 
m equal times 

The variable factors arc — 

1 Tlie kilovoUage 

2 Tlie milliamperagc 

3 The locus skin distance 

4 The size of the irradiated field 

5 The filter 

C The frequency of tlie secondary impulses 
Having produced an erythema mlh a certain tube m a certain time, and with 
certain v alues assigned to each of these six v ariablcs wc can reproduce the same degree 
or erjlliemo «ilh the some tube, >n the some t.rae, if the six variables hove the same 
values 

It IS evident that the focus sUn distance, the size of irradiated field, and the 
filter can easily be given the same value Moreover, the frequency of secondary 
impulses, where the apparatus is not a condenser plant, giving practically continuous 
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current, is \ erj generally 50 or 100 per second and does not vary This does not applj 

to the spark coU and interrupter unit, to nhich \re will refer directly. 

There remains, therefore, the voltage and miUiampirage These are constant 
if the primary ^ oltage is constant. If it ^ anes, then the \ oltage also \ anes and m the 
same ratio 3Ioreover, if the primarj \ oltage \aries, then the heating current m the 
cathode spiral is changed, and with it the milhamp^rage 

A careful watch on the pre reading kilovoltmeter and on the miUiammeler is 
all that IS necessary , and when these \ an thev must be brought to their initial setUngs 
by adjusting the controls A nurse can easily learn to do this, and the use of a stabil 
izing dence (page 35) ensures a constant healmg current and miUiamperage, which 
IS eien more important than the absolute constancy of i oltage 

In regard to spark coil units, it should be noted that, where these work from 
alternating current, the frequency of impulse in the secondary is quite constant When 
a continuous current main is employed and is subject to fluctuations, the frequency 
will vary ivith \ ary mg primary voltage In such a case, then, it is necessary to ha\e 
a speed counting dence which registers the number of revolutions per minute of the 
interruptex and which may be either roechamcal or electrical The actual speed of 
the interrupter is, of course, best regulated by a resistance in the motor circuit. 

The miUiampirage is controlled by means of the filament heatmg current, and 
» read on the raiUiamroeter 

The voltage from spark coils, on the other hand, cannot be read on a 
pre readmg kiloioltmeter, but must be obsened by means of the sphere spark gap 
and adjusted b> the coarse and fine controls on the switchboard Both operations 
can be earned out while the tube is working 

Having assured the constancy of the six variable factors mentioned above, 
we can rely on produemg the same effect on the human body (neglectmg for the moment 
any idiosyncrasy thereof, sec page 139) if we use the same apparatus and the same 
tube But vanous apparatus and vanous tubes produce the same result m varying 
times This diHerence is due to the fact that the percentage of hard ray's emitted 
vanes somewhat with the individual apparatus used, for reasons which have been 
explained Even tubes from the same Ann and of the same construction may vary 
shghtly This last difficulty is overcome in the foDowing way 

Instead of measuring dose in electrostatic units, which is difficult, or m terms 
of banum platinocy anide discoloration, the biological equivalent of which varies 
with penetrating power, we detennme m what tune our apparatus and tube will produce 
an erythema dose under certain conditions of the sue variables How this can be done 
is described m the chapter on therapeutic apphcations on page 140 

Having found this time for the erythema dose, with a given tube under certain 
conditions, it is best to put the tube aside and use it only' as a standard wherewith 
to compare other tubes, when they are bought. It sounds an expensive way of domg 
things, but it certainly pays m the long run, in accuracy of work 

E\ ery time a new tube is bought, it must first be “ cahbrated ” by being 
compared vnth the standard one This can be done m various ways The best is to 
employ an lontoquantimeter and compare the intensities of the X ray beams from the 
8S 
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tA\o tubes under exactlj similar conditions Bearmg m mind that dose is the product 
of intensity multiplied by time, we see that if the two tubes cause the pointer of the 
electrometer to move over the same number of scale divisions, in the same time, they 
will also each produce erythema m the same time If, however, the times m which 
the pointer mo\ es across the same number of scale divisions are different, then the 
times necessary to produce erythema are m proportion to these lontoquantimeter 
discharge times And as we know the time required by the standard tube, we can 
readily calculate the time in winch the new tube will produce erythema, without going 
to the trouble once more of measuring it 

We can, however, use chromoradiometers for this purpose of comparison, just 
as well, since their discoloration is proportional to the intensity so long as the quality 
(kilovoltage) of the rays was the same in each case Pastilles or bromide strips must 
be exposed to the standard tube, until they reach a fractional tint, say J B on the 
Lovibond tintometer, 3 H on the Ilolzknecbt scale, or 6 x on the Kienbock scale — 
because these fractional doses are more easy to estimate accurately with the suitable 
instruments than the full doses Then the time taken by the new tube to achieve the 
same dose under the same conditions is measured and once again the ratio of these 
times gives the time necessary for eiytliema 


PERCENTAGE DEPTH DOSE' 

The beam of X rays decreases m intensity as it penetrates deeper and deeper 
into the body This is partly due to increasmg distance and partly to absorption 
and scattering The decrease due to distance can easily be calculated That due to 
absorption might also be calculated, but the mathematics involved are more 
complicated Tliat due to scattering, Jiowevcr, is practically beyond calculation 
and, as we shall see, scattering increases tlie intensity at a depth rather than 
decreases it 

It IS therefore best to Jind out empirically what change has been vmiught m the 
intensity owing to all tliree causes acting together The intensity at a given point 
inside the bodj, under a given set of working conditions, is measured and is expressed 
as a percentage of the intensity at the surface The result is known as the percentage 
depth dose 

It IS of great importance that this percentage should be as large as possible, 
for the greater it is, the smaller will be the dose of X rays which the skin and over 
Ij mg tissue and blood, etc , absorb before organs at a depth, such as the ovaries cervuc, 
lungs, etc , have received the dose which is intended for them 

The percentage depth dose depends on — 

1 The Quality of the Radiation The greater the penetrating power of tlie 
rays, and the greater the degree of homogeneity of the beam (sec page 68) the smaller 
will be the reduction of intensity by overlymg tissue If the rajs are soft, or if the 
beam has some hard and much soft radiation (mhomogeneous), then the overlj mg tissue 
will absorb much 
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2 The Distance between Anticathode and Skin The greater tins is, the 
smaller will be the difference between the intensity at the surface and at a depth In 
Fig 90 we see this distance to be 25 cm m one case and SO cm in the other 



Fig W 


Assuming an intensity of 100 at the slin surface in either 
case, we can readily calculate, from the law of inverse 
squares, what the mtensitj at other pomts m either 
CMe will be And we find that a point 10 cm below 
the skin (say for instance the uterus) will receue an 
intensity of 51 m the first case and CD m the second 
These are the percentage depth doses m either case, and 
it is evident that the second one is the better, for it 
subjects the oserljung tissue to less radiation by the 
time that a certain total dose is achieved 10 cm down 
It would therefore be an advantage to use large 
distances in all cases, but this obsnouslj necessitates 
cither a larger output from the tube or a longer tune 
of exposure There is therefore a limit to the focus 
skin distance 

3 The Area of the Uiodow on the SUn 
This determines the size of the cone of ravs in the bod> 
X rajs in passing through matter are scattered in all 
directions {sec page C6) The irradiated cone of the 
bodv will therefore scatter ra>s outwards and also 
inwards Jleference to Fig 91 shows us that a small 
organ deep down in the body will experience a greater 


intensity of the X rajs at the point where it is situated, if the cone is large, than 


if it is small 


The perceatige depth dose is therefore increased it we employ as large a wmdoTF 
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to be nearly 3 times as large as it would be with primarj rajs only after making 
allowance for the losses due to increasing distance and absorption 

It should be noted that when we increase the focus skin distance whilst leaaang 
the window on tlic skin the same size we decrease the volume of the irradiated cone 
In Tig 02 the truncated cone abed encloses a greater volume than abef With 
reduced volume the quantitj of scattered radiation becomes smaller and this diminution 
would neutralize nnj gain which an increase in focus skin distance would othennse 
produce m the percentage depth dose c must therefore increase the size of the skm 
window when we increase the focus skm distance 

t The Distance of the Object to be Treated Below the Skin The 
greater this is the more is the intensity affected bj absorption and scattering due to 
overljing tissue 

The factors 2 8 and I arc linear measurements of vihich 2 and 3 are easilj 
found v\hilst 4 is given bj knowledge of the exact position of the object The first 
factor is giv en by the sphere gap or the spectrometer and the size 
of t?ic filter Even so the percentage depth dose cannot be 
calculated because the effects of absorption and scattering are 
far too complicated It can however be determined b> means 
of a This must consist of material which has practically 

the same average atomic number the same densitj and therefore 
the same opacitj to \ rays as the human body ^^oter absorbs 
onl) 5 per cent less than a mixture of muscles and fat and 
therefore fulfils tins condition well A mixture of 20 per cent of 
beeswax and fiO jier cent of paraffin serves equally well and is 
easier to handle Chambers to contain water or slabs of the wax 
ofavanetj of thicknesses arc required 

Measurements arc now made of the intensity of the 
beam of X rajs at the surface and at the required depth with n 
this phantom 

The lontoquantimcter is provided with v^ox and water phantoms and is not 
only the most convenient instrunient for the purpose but also the best because of the 
fact that its readings vary with the wave length of X rajs in the same way as human 
tissue If an lontoquantimeter is not available one of the chromorad ometers can 
be emploj cd but it must be borne in mind that the beam of X rays in passing through 
tlie phantom is being changed m its composition os the softer rajs are filtered out 
T1 e pastille or the bromide strip will register a greater intensity than is biologically 
present 

If an lontoquantimeter is available the rate of discharge of the electroscope 
IS observ cd when the ionization chamber is exposed to the direct influence of the filtered 
X raj's at a distance of say 50 cm from the anticathodc and when it is at sav CO cm 
from the anticathodc and a tank of water 10 cm tlnck is interposed between the filter 
and the chamber Two water tanks should be employed and they should be made of 
ebonite but there must be no metal as this would generate secondary rays and 
influence the result 
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In the first case, the ionization chamber would be m front of both of them, 
being, as it were, on the skin la the second case, it would be between them , that is 
to saj, 10 cm beIo« the skin Thus, the scattered radiation due to a body which 
IS approximately 20 cm thick would be reproduced The intensity of the raj's is 
mversely proportional to the time of discharge of the electroscope, and so the ratio 
of these two obser\ ed times gn es us the ratio of the depth dose to the surface dose 


EXPERIMENTS WITH THE PHANTOM 

The percentage depth dose is best measured with an lontoquantimeter as 
described aboi e, but if such a one is not a\*3ilable, we can obtain an estimate of the 
depth dose wnth \erj reasonable accuracj bj using silier bromide paper as 
follows 

The phantom should consist of slabs of wax, and the sflier bromide paper 
must be cut in strips and inserted in Lght tight emelopes, like Eienbock quanti 
meter strips 

The strips are arranged so that six of tliem are on the surface of the phantom, 
and One each at C, 8, and 10 cm below the surface 

Tlie kiloioltage, mdliampirage, focus skm distance, filter, and «km windon 
must be arranged as in actual thenipj 

As we know, from the experiences of others, that at 200 ICV , 4 31 A , 23 cm 
focus skin distance, and a filter of 0 5 nun Cu-f 8 mm AI, we get the erj’thema dose 
in about 30 nuautes, it is best to make this test with an exposure of, ssj, 
20 minutes 

■When it has lasted 2 minutes it is stopped and one of the strips on the surface is 
withdrawn The second is withdrawn after it has received a total exposure of 3 minutes, 
the third after 4 the fourth after 0, the filth after 8, the sixth after 10 minutes The 
exposure is then continued till a total of 20 minutes has been reached , after this the 
strips exposed at the various depths below the surface are witlidrawn too The latter 
can be marked with the figures 0, S, and JO cm , to indicate the respectne depths m 
cm at which they were exposed , those on the surface maj be marked with the 
figures 10, 15, 20 30, 40, and 50 per cent, to indicate the percentage of the total exposure 
which they receiied 

Thej are then developed simultaneouslj, fixed and washed, and when thej are 
drj the tmts are compared If the tmt of the strip which was exposed at 8 cm depth 
IS similar to the tint of the strip which was withdrawn after 4 minutes’ exposure, thus 
would show that the dose prevailing at a depth of 8 cm was 20 per cent of the dose 
which reached the surface If it shows a tint similar to the strip which was withdrawn 
after 8 nunutes, the dose prevailmg at the depth of S cm would have been only 15 per 
cent of the surface dose 

The strips are then pasted m a case book, or on a card as us^ for card indexes , 
ten strips and the necessary text require a card not less than about 5x8 inches The 
text should run somewhat as follows — 
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Tube No 1 
Primary current 
Secondarj' current 
„ \oltagc 
Filter 

Aperture of diaphragm 
Focus skin distance 
Exposure . 

Percentage depth dose 
G cm 
8 cm 
10 cm 


Sept Olh, 1928 
220 volts 
4 MA 
200 KV 

0 5 mm Cu + 8 ram A1 
6 x8 cm 
23 cm 
20 minutes 

per cent of surface dose 


To gam more experience, and to secure greater accurac}, it is well to repeat 
the experiment, and this time to withdraw the strips on the surface after 3, 5, 7, 9, and 
12, or 15 minutes, thus obtaining more, and intermediate tmts, as control Otherwise 
■we proceed as explained in Experiment No 1 

'\\iUi net tubes it is wise to make another trial exposure after thej have been 
used for about 0 hours Good tubes can then be used for 100 to 150 hours without 
risk of a change taking place m them, but they should be tested after that time once 
more Some 500 hours’ work can be got out of good gas or Coobdge tubes Each 
tube should recene a number and a card on which the cases for which it was used 
nre entered. 
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THE PRACTICAL APPLICATION OF X RAYS 
IN DIAGNOSIS 

The successful application of X r3>s in diagnostic problems depends on the 
knowledge of a number of simple pb>3icn] phenomena and on the excellence and 
design of the accessory apparatus which must be emploj ed. 
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The X-ray Room — Both the Jogh tension unit and the couch or screening 
stand on which the patient is examined are lar^ pieces of furniture The X rav 
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room must therefore be of adequate dimensions The best plan is to place the high 
tension umt m an adjacent room or cupboard by itself and to bring the high tension 
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leads through large insulators in the %Tan to the room m %\hich the diagnostic apparatus 
and controlling gear are placed Such a plan is shoTvn in Pig 93 It can be elaborated 
as in 1 ig 9t, nhorc there arc two generating units in the machine room one feedm*^ 
Uie diagnostic room and the other tlic therapeutic room In such cases the machine 
room should not be less linn, sa>, 8 feet b> 12 feet and II feet high and should be 
fitted with a door which, when opened, nutomaticallj cuts off the mam supply from 
the generating units The two rooms for diagnosis and therapj should be not less 
than, saj, 23 feet by 16 feet and 31 feet high 

In those eases — and thej arc the majority—yvhere the high tension plant is m 
the room in which it is uscil, the latter should be not less than, say, 15 feet by 17 feet 
and 11 feet high 

All therapeutic and diagnostic rooms must be well lit and sentilated, and 
those m y\hich screening is to be undertaken must be capable of being darkened 
Tlic Complete X-ra> PavlUon — In \ery large Lospitals it frequently happens 
nowadajs that a sejwimtc building is erected to house radiology The design of such 
a special department is of course go\crnc<l by such considerations as available space 
and moncj, the number of patients to be dealt with, etc In Pig 95 we see the plan 
of a om store} building gning a first rough idea of how a radiologtcal department 
can be laid out 

It will be noticed that diagnosis and therapj are separated, the former being 
m the left wing and the latter m the right wmgof the buildmg A central waiting room 
separates the tyso wings 

Apart from rooms for doctors and nurses, there is in this diagnostic wuig a 
general clinical examination room Adjoining this are the fluoroscopic (screen) and 
radiographic rooms, which arc separated from each other by the transformer room 
In this the units yrhich feed both rooms can be housed 

Pacing the doors of the flouroscopic and rodiographic rooms are a series of cubicles 
in which patients con undress and be prepared for X ray examination 

The dark room is hrge and is entered by a maze or light trap from the radio 
graphic room Special traps can be proyided in the wall so that charged cassettes 
can be handed straight into the radiographic room Such traps are a yerj convenient 
addition Needless to say, the y'alls of tlic dark room must be ray proof 

The remaining two rooms in the diagnostic wing are for dental radiograph}, 
and for the y leyving recording and storing of films 

On the therapeutic side, there are again the rooms for doctors and nurses 
Adjoining these is a room m whicli the records of patients are registered and 
kept Next comes a clinical examination room, and next to this is a room 
marked “ Calculation,” in winch charts and computations of depth doses, etc , can be 
made and kept 

There is the same system of patients’ dressing cubicles, from which thej can 
reach the deep therapy and superficial therapy rooms The transformers are placed 
in a separate room betyveen the two therapy rooms, and in front is tlie operator s cabin, 
carefully protected from X rays and with lead glass window s through which the patients 
can be obseryed. 
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Two spaces at the side of the waiting room can serve for a door keeper’s ofTice 
and as a store, or possibly to house a staircase to a basement, etc 

\Vlien the requirements are known both as regards the nature and quantity of 
the work to be done, the general plans in any particular case can assume shape The 
remarks abo\ e niaj perhaps be a shght guide as to what can he done 

Coronaless Overhead Gear —Great care must be exercised in arranging how 
the high-tension current is brought to the X ra> tube This current is \erj dangerous 
to human life — ^particularly nowadays when powerful high tension transformers are 
employed Every possible precaution is therefore necessary to prevent contact 
between operating stafi or patient and the high-tension leads This is achieved by 
fixing conductors across the room at a height of not less than 9 feet from the ground 
The high tension is fed into these and taken from them by spring reels with heaviU 
insulated cable to the tube 

High-tension currents spray in the form of corona from all sharp points or 
comers Corona causes the oxygen and nitrogen of the air to combine and produce 
nitne oxide, thereby fouling the air of the room and corroding all metal parts 
To avoid this, the overhead conductors are made of metal tubing not less than 
I inch m diameter, and all open ends are finished off with metallic spheres 

Overhead High-tension Switches — In o department m which more tlian one 
X rny tube is m use, say, m a screening stand, and over and under a couch it is an 
obvious disadvantage fraught with some danger, if the high tension leads from the 
transformer must be changed over from one tube to another wlienevcr a change from 
screening stand to couch, etc , is necessary This is obv lated by the use of an overhead 
coronaless high tension switch m which two discs of insulating material (see Pig 00) 
carry a number of contacts A spindle, which can be rotated by pulling a cord carries 
two moving amis wluch bring the high tension and filament currents to the various 
tontacts on the discs In this way the current can easilv and safely be directed to any 
one of the various X ray tubes in the department (see Fig 97) 

Shock-proof Apparatus — It has long been the aim of engineers to produce 
apparatus in which the danger of liigh tension shock is eliminated by making it quite 
impossible for the patient or the operator to touch any part which is not at 
earth potential Some tubes and plants hare been designed m wluch either tlie tube 
is encased m an earthed metallic shield and the current is brought in through wires 
enclosed m earthed sluelds, or else both the tube and tlic transformer arc housed 
together m an earthed tank The trouble witli such apparatus is that the output 
of X radiation is rather hinited where shock proof tubes are used and tJie plant 
becomes umvieldv where tube and transformer are moved together k better way is 
to shock proof a whole department bv putting the transformer in a room by itself 
and leading the high tension current to the tube m cables enclosed by earthed covers 
The tubes themselves are arranged m earthed guards of such diniciisions that the 
output of radiation is not interfered vrith 

This second course 1ms the advantage that anv tube may be used, any current 
and tension niav be employ «1 the easv movement of the tube is not Immpcrcd, and 
the whole mstallatiou is much less costly 
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Screomog Stands, Couches, Tube Stands — ^The function of these is to bring 
the tube, the patient, and the fluorescent screen or photographic film ensilj and rapidlv 
into such position that the necessary examination can be made They must satisf% 



scattered radiation Thu point u dealt 
(pages ICl 167) 

Apart from these two considerabons 1 
is one of design and mechanical skill ] 


two mam conditions iirst, thev miut 
be so constructed that the nsL of patient 
or operator coimng m contact with high 
tension is reduced to a minimuni To 
Uus end all couches and screening stands 
should receive the high tension current 
at a pomt some 7 feet abo\ e the ground, 
whence it sliould be brought m insulating 
tubing to a pomt quite close to the tube 
Moreoier all sudi apparatus should be 
catefulK earthed so that any high tension 
disduirge into the metal parts is led 
awaj to earth at once. 

Secondlj, all couches and stands 
must be so made that the operating 
staff are not exposed to prunarv or 
with in the chapter on * Protection” 

he question of these diagnostic apparatuses 
lere as m other machmerj, it will be 
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foimd on the whole that that which *s simplest and most robust is general!} 
preferable to that which u equipped with all manner of auxihai} gadgets to serve 
a variety of purposes but to specialize for none 

Diaphragms, The primar} radiation from llie tube must be confined within 

certain limits X rays act like an imtant poison, and the patient must nol^be 
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Scattered rajs must be eliminated as much as possible m diagnostic ssork 
because the\ cause a uniform blackening of the film and obliteration of all fine detail 

We must distinguish between the scattered ni>-s coming from sources between 
the focus of the tube and the patient, cspeciallj those from the glass walls of the tube 
and the raj*s winch are scattered bj the bodj of the patient. 

The former are best dealt with bj a evlmder diaphragm Fig 00 shows how 
such a c> Iindcr of lead glass or of metal cor ered tt^th lead will ehminate tlie raj-s which 
come from the glass walls and winch cause a large lialf shadow (penumbra) round the 
central illunimatcd spot The rajs scattered bj the patient’s bodr are removed h\ a 
potter Duel \ diapliragm 

Potter-Buckj Diaphragm —Tins consists of strips of lead built up between 




strips of wood or wax in such a war lluxl they are ndul to the rays The lead strips 
thus cut off a small portion onI\ of the raj's which come direct from the anticathode, 
but thej cut off entire!} the ins's which are scattered bj tlie bod\ (Fig JOO) The 
grid in which the lead and wood strips are mounted is kept moving uniformlv so that 
no shadows of the strips are cast 

Centring the Tubes — The tube should be so placed that a line which joins 
the centre of the film or fluorescent screen to the focus of the tube is at right angles 
to the axis of the latter 

Raj'S which strike the object and film obliquely will cause some distortion as 
is apparent from Fig 101 

There are various wajs of centring tubes In the case of the old gas tube or 
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the unnersal Coolidge tube, both of which arc housed m a protected box, itjis 
sufBcientli accurate to insert a cj hnder diaphragm of %cr} small diameter (Fig 102a) 
m the usual place on the front of the tube box and obscr\e the effect on a fluorescent 
screen If the. focus of the anticatliode is properl} centred, an even circle will 
appear on tlie fluorescent screen W hen the focus is out of centre, the illuminated 
patch ceases to be a circle and becomes distorted 

In the case of self protected tubes a telescopic pointer can be screwed to the 
front of the tube (Fig 102b) to show the direction of the central raj 



Aluminium Filters for Protection dunng Diagnostic Exposures —In dta 
gnostic work, the protection of the operators is more important than that of the 
patients because the fornier may haAe to make several exposures m the course of o 
week, whereas most patients are exposed for less than a couple of zmnutes, but thej 
require protection too Wliile being examined on a fluorescent screen, the patients 
are frequently brought quite close to the tube so that the intensity of the rajs reaching 
the skin is great, and these examinations occasional!} last a considerable time If 
a negative has to be made of the thicker ports of the bodj, especial]} tiic abdomen, 
the number of seconds required is great too, and an exposure maj hav c to be 
repeated It must be remembered that with unfiltcred raj's of medium penetrating 
power an erj'thema is produced m a few minutes One third of the erythema dose 
IS sufficient to produce sterilization of the ovanes, and as the testicles arc close to the 
skm, the spermatozoa are sure to be injured m a very short time "Men run the risk 
of being sterilized if exposures near the abdomen are made without a filter and special 
protection of tlie testicles * 

It IS therefore stronglj recommended to use aluminium fillers for all diagnostic 
exposures, at any rate for all examinations on a fluorescent screen and for all those 
exposures on a plate which aggregate to more tlian 200 M A seconds The quantitj 
of Xravs which passes through tissues of tlic human bodj 10 cm thick will be weakened 
bj onlj 10 per cent if an aluminium filter 0 5 mm thick is placed between tube and 
skm, or by 18 per cent if on aluminium filter 1 mm thick is used In other words, 
with objects 10 cm thick, the number of MA seconds used has to be increased bj 
no more than 10 to 18 per cent to make up for the loss l»} absorption taking place 
m aluminium filters 0 5 to 1 mm tluck The number of kilovolts docs not alter tliese 
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figures perceptiblj, but thej var^ somewhat with the thickness of Uie tissues iibu 
the X raj's hai e to traverse 

On the other hand, tlie protection offered bj these filters is great They absorb 
almost entirely the ^erj softest rajs, which are of no use whatever for diagnostic 
examinations because thei do not penetrate farther than 1 or 2 mm below the skin, 
and cannot reach the fluorescent screen or photographic film. IVe can, however, 
give ixice the number of M,A seconds when we use a 0 5 mm nlimummn filter, and 
four times as much when we use I mm filters before we need fear the injurj which 
would be produced without one of these filters 

Fluorescent Screens consist of finelj divided crj'stals of banuni platino- 
cyanide (green) or zme sulphide (white) spread evenly on cardboard surfaces The 
barium salt is seldom used now owing to expense and because the white <alt is at least 
as bright and sharp in detail The important pomt about such screens apart from 
bnghtness is that they must fluoresce and not phosphoresce The Ught which they 
give must cease as soon as tlie exciting X rij-s cease If this is not so there 
will be blurring of outlines when we examine moving organs such as the heart, 
duodenum etc 

"Most p'vtients are examined first on the fluorescent screen In a few cases 
this alone will give sufficient information, so that no exposure will be required on a 
film In the majonty of cases, subsequent eqiosures on a film will be desirable, partlj 
to obtain a permanent record and partly because a good negative shows more details 
than the e>e can discover on a screen Even if it is certain that a negative has to 
be made, a previous examination on the screen is desirable, because the area whidh 
should appear on the negative, and the position of the patient which will show the 
injuries best, can thus be found out It is advisable to use lugher tension for screening 
than for radiograph}, because the intcnsil} of the rays increases with the square of 
the voltage Moreover, it is wise to have an adjustable rectangular diaphragm avail 
able and also i grid TIus latter is practicall} a stationar} Potter Buck} diaphragm 
It of course casts shadows of its lead strips, but the} arc thin and do not disturb the 
picture much when one is accustomed to them On the other hand, the presence of 
the gnd greatl} adds to the definition and contrast of the image on the screen 

The examination should not begin until four minutes after the ordinarv di} or 
electric bght has been excluded, to allow the pupils of the eves to dilate The room 
must be perfectlv dark, and care must be taken that all light from incandescent 
filaments of X ra} lubes or valv es is excluded 

Intensifying Screens — A. very important accessory to X ra} photographic 
technique is the intensifving screen, which is a means of conv erting X raj energy 
into visible light and then allowing this rather than the X ra}'s themselves to act on 
the sensitive emulsions of the film The screens consist of a foundation of cardboard 
or cellulose on which is spread a la}er of finely divided cr}'5tals of calcium tungstate 
These absorb the X ra} energy winch falls on them and hght up like a fluorescent 
screen 

The photographic film is more sensitive to visible hght than to X rajs because 
it absorbs the former to a much greater extent than the latter B} placing such 

102 


TIIE PRACTICAL APPLICATION OF X RAYS IN DUGNOSIS 


intensifying screens in close contact with the emulsion, v,e cause the fluorescence to 
act rather than the X rays anti we obtain more effect on the film for the same quantity 
of Xray energy emitted from the tube — “intensify” the effect of the rays 

Intensifying screens enable us to reduce the duration of an exposure to about 
one eighth of the time which would be required without them To use them is there 
fore a great saving in the lifetime of the tub^ and enables us to finish many difficult 
exposures in so short a time that it is easy for the patient to keep still and hold his 
breath Apart from these advantages, the screens have valuable effect on the degree 
of contrast between the various shadows on the film (see page 127) 

In modern X raj practice, where films with two sensitive surfaces (see page 111) 
are employed, tno screens arc used This does not double the mtensifjmg effect 
because some GO per cent of the incident energy is absorbed in the top screen and the 
emulsion still further weakens what is left, so that the second screen cannot be reached 
by more tlian about 30 per cent Moreover, tlie beam has been filtered through the 
first screen and the emulsion, and therefore contains a greater proportion of hard 
rays which are less easily absorbed bj the second screen The fluorescence and 
intensifying effect of the second screen is therefore not more than one third or one 
quarter that of the first The value of the two screens lies m the increase in 
contrast 

Cassettes — Great care must be taken that there is no air space and no matter 
between the surfaces of the screens and the emulsion of the film On the one hand, 
good cassettes vntli spring backs to exert pressure on the screens and film must be 
used, and on tlie otiier, the surface of tlie screen must be kept scrupulously clean An 
air space between screen and film produces a blurred patch, whilst dirt or markuigs 
on the screen show sunilar marks on the negative 

The screen should not be larger than the film , otherwise the sharp edges of the 
latter leave marks on the screen which would sliow on every negative made sub 
sequently It is therefore necessary to have separate screens for all the various sizes 
of films 

Screens require delicate handling They are best left in the cassette in which 
they are used All screens of good quality nre washable and can be cleaned with 
a swab of cotton wool steeped in water or in a weak solution of soap and wrater 


CORRECT EXPOSURE 

The standardizing of the dark room technique (see pages 111-125) gives us films 
w hich are perfect from the chemical pomt of view That is to say, that all particles of 
the silver bromide which have been energized are reduced, and non energized ones 
are left alone to be dissolv cd by the fixmg solution The important condition for 
success from a radiographic pomt of view is, however, that the correct number of 
silver bromide particles have been energized — in other words, that the exposure was 
right as regards time and quabty (penetrating power) of the radiation 

There is no entirely easy method of arriving at the correct exposure, and 
experience must necessarily play a considerable part The factors, apart from the 
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quabty of the photographic material, which chiefly affect the exposure tune 
are — 

1 Strength of current 

2 Distance from tube focus to film 

3 Thickness and nature of object. 

4 Penetrating power of the radiation (i e kilovoltage) 

5 Whether or not intensifjing screens and Potter Bucky diaphragm are 

being used 

Exposure indicators which do not allovr for e%eiy one of these factors are 
useless, and tables which do make all the necessary allowances and corrections must 
be used with care and knowledge 

The following table gi'cs the number of seconds of exposure which are necessary 
for ^aTlous parts of the bodj at ^•arlous soltages when — ' 

1 '\\e use a hot cathode and one milhampere of current. 

2 The current is obtained from a closed core transformer with or without 

rectifier 

8 The distance from tube focus to film is 2C inches, i e , that which is 
used for Potter Bucky work 

4 The patient is a normal adult of about 12 stone weight 

5 Two intensifj mg screens ore employed 

6 No Potter Buck> diaphragm is used 


EXPOSURE TABLE 


Peak kjlOTOItage 

50 

55 

CO 

70 

85 

100 

110 

Head (back to front) 


- 



« 

SI 

27 

Head (lateral) 




SO 

21 

IT 

14 

Teeth 

14 

9 

c 




_ 

Spinelcer^acal) 

— 

— 

34 

IB 

11 

8 


Shoulder 

— 


25 

IS 

8 

6 

— 

Elbow 


20 

19 

11 

8 

4 



21 

IS 

6 

5 





10 

13 

8 






8 

0 


— 


_ 

_ 


31 

18 

13 

8 


2 

— 

Stomach (meal) 

— 

— 

30 

17 

10 

7 


Spme (doisal) 

— 

— 

— 

30 


12 

II 

.. (lateral) 

— 

— 

— 




23 

lOdnev. Gall bladder 

— 

— 

— 

40 


18 


Spine (lumbar) Pelns 

— 

— 

— 

— 

30 

21 

18 


— 

— 

21 







21 

IS 

8 

S 

3 

_ 

Ankle, Foot 



10 

6 

4 
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CORRECTIONS IN THE EXPOSURE TABLE FOR ALTERED CONDITIONS 

1 Strength ot Current — The effect of X raj’s on a film, je, the quantitj 
absorbed, at any particular voltage, maj be taken as proportional to the product of 
jntensitj and time of exposure — 

D = / f 

■where D is the quantity or dose absorbed, I the intensity and t the time If, there 
fore, we double the mtcnsitj, le, the current to which it is directlj proportional, 
other things being equal, we must halve the time, and so on 

For \nsible light, however, the equation is not so simple It becomes 
D = ItP 

nliere p is a fraction In other words, if wc double the intensity, the time becomes 
less than half 

Since ue use visible light rather than X rays when ne employ mtensifjing 
screens we must paj attention to this fact The value of p is about 0 8 

In making alloivance for alteration of current when ue use the exposure table, 
we must therefore remember that as we increase the current ue mil obtain over 
exposure if we apply the formula — 

t 

and the degree of over exposure will become the greater, the more we increase tlie 
current 

It follows from this that it is all to our adv antage m trj ing to get short exposures 
if we make the current as large as we possiblj can 

2 Distance from Tube*focus to Film — The time given in the table must be 
divided by the square of 26 and nralliphed bj the square of the new distance Thus 
if the distance is to be altered from 26 to 20 inches, the tune x seconds becomes 

20* 

X — = OCX. 

26 

3 Thickness and Nature of Object — ^Alterations in this factor call for the 
greatest amount of experience Xf is best to reduce or increase the time of exposure 
rather than to alter the kilovoltage on the tube 

1 The table gives a choice of kilovollages for all parts of the body Tlie 
kilovoltage which is selected depends on the amount of current which the apparatus 
can give If the available current is verj large, i e , if the plant is a big one, it is wise 
to select os low a kilovoltage as possible If, however, tlie output is limited, tlien the 
kilovoltage must be increased 

5 Tlie table is calculated on the assumption that two mtcnsifjnng screens 
are used If no screens arc to be used, each of the times given must be multiplied 
by eight 

6 IV hen tlie Potter Bucky diaphragm is used, each time given in the table 
must be multiplied bv 4 for kilovoltages below 70, and by 3 above 
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Example 1 — ^\Vhat is the time of exposure for a pelvis, ■when 40 "M A at 
85 K.V are used with two screens and a Potter Buckj diaphragm ’ 

Answer 30 — 40 x a = 2 25, i e , 2i seconds 

Example 2 — ^WTiat is the time of exposure for teeth when 10 A at oO K V 
are used ’ Jso screens and a focus film distance of 13 inches 
13“ 

Answer 14 — 10 x 8 x — r =28 1 e , 3 seconds 
26 

The Patient — It is necessarj tliat the part of the body to be examined should 
be naked, to avoid the shadows of buttons, clothes, etc , and that it should be as near 
as posstbU to the film If, for instance, a negatise of the nght shoulder or hip jomt 
has to be made it is necessary to raise the UJl side considerably , so that the right side 
presses on the film , if the kidneys have to be taken, it is desirable to raise the knees 
and the upper part of the body, that the spine may become con\ ex, so that no air 
space IS left between it and the film. 

It IS necessary that the patients should rest comfortably so that they can easily 
keep quiet A good negatiae cannot be obtained unless the part to be taken keeps 
motionless during the exposure Small pillows or cushions, suitable rests for arms, 
legs, etc mil frequently help the patients to remain quiet m the desired position 

Fig 103 shows a sunple wooden tunnel 
arrangement which permits of a lateral \*iew of the 
knee being taken from above The tunnel is 
placed over one leg of the patient and the other 
leg IS placed on the top, with the film s tuated 
between the top of the wooden structure and the 
patient s leg 

If the abdominal region has to be exammed, 
it IS necessary that the patient should begm to 
take aperients some forty -eight hours before tbe exposure is made The bowels 
must be empty and no sohd food should be taken on the mommg when the 
C'vjiosure is made 

Frequently it is necessary to paste small coins or pellets, with adhesive plaster, 
on to the nipples, the umbilicus etc , so that they appear as landmarks on the negatn e, 
and allow the distance to be measured which some object has from a well-defined spot 

Ckimpression — ^To keep the part to be exammed motionless, and partly also 
to reduce its thickness, compression is frequently used A stout canvas band can be 
stretched across the patient, and sacks filled with sand can be attached on either side , 
or better, it can be stretched mth the help of a roller and lei er as tight as the patient 
can stand it, and can be fixed in this position with a clamp {Fig 104) Cylinder 
diaphragms attached to the boxes enclosmg the tubes are also lery conienient, for 
they can be pressed into the body 

Some Hmts for More Difficult Exposures — ^A large number of exposures 
for the arms, legs, shoulders, heart etc ate so easy that most beginners succeed m 
obtaining fair and useful negatiies at the first attempt. The chief difficulty is to 
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THE PRACTICAL APPLICATION OF X RAYS IN DUGNOSIS 


place the patient and his limbs and the tube in such a position that the organs we 
wish to examine are well within the central rays emanating from the antieathode and 
above the centre of the film, and to see that tlie patient does not move durmg the 
exposure 

AYhen the lungs ha^e to be examined for the first signs of tuberculosis, an 
exposure on a film is necessary, because the fluorescent screen does not show as raan% 
fine details as a good negative will do The film should be on the chest, and the tube 
behind the back. If the tube were m front, the shoulder blades and the ribs, which 
are closer together at the 
back than at the front, Avould 
obstruct too much Moreover, 
the lungs are nearer the front 
surface, and can be brought 
closer to the film when the 
latter is on the chest It is 
much easier for the patient to 
keep motionless if he can fold 
his arms round the cassette 
and the stand holding it, than 
when the arms base to hang 
down to be out of the waj 
The exposure has to be made 
during deep inspiration, and 
the patients have to be 
instructed and exercised in 
this a few times before the 
exposure is made 

There are, howe\er, a fair number of difficult exposures, for which long and 
large expenence is indispensable X rays of suitable wave length must be emplo} ctl 
(see page 127) IVhen this condition is fulfilled, it becomes possible to show stones in 
the kidney weighing about half a gram ! The chemical composition of the stones, 
however, has an influence too Stones consistmg of uric acid are not easy to detect 
ivith X raj’s, because their specific grant) is the same as that of tlie surrounding tissues 
The) occur in the bladder, and e\en large stones, which are clearl) visible with the 
cjstoscope, tlirow famt shadows only on the negative Stones consisting of pure 
xanthm or cj-stm are ininsible too, and for this reason it may happen that a stone 
exists, though e\en a teclmicalK perfect ncgatiie shows no trace of it Lvperiencc 
has sliown, howei-er, that about 9S per cent of all stones in the kidnej s, and 75 per 
cent of all stones in the bladder, will show All the stones found in the kidnei s and 
ureters usually contain some lime, and this lias a greater specific gTa^^ty and makes 
tliem insible Stones contammg oxalate or phosphates are also clearlj iisiblc Plilc 
bohlhs and some calcifications of glands nta\ cause slight shadows, which may be 
mistaken for stones 

To make the alimcntarj tract visible, a meal of chemicaUy pure sulpliate of 

107 




SCHALL 


barium should be taken This is not ordj safer, but alsd" cheaper, than the preparations 
of bismuth which were used for some tune for this purpose It is, howcrer, important 
tliat it should be pure It should be quite free from banum chloride, which is a Molent 
poison, and also from barium carboimte, because the latter, though not poisonous 
Itself, mai be conrerfed into a chloride bj the hj drochlonc aad of the stomach Pure 
banum sulphate is a fine rchtU powder It is non toxic on account of its insolubihty 
Danger arises onlj when it is adulterated bj other soluble banum salts 

The following is a good recipe which has been used regularly for mam > ears 
in a large number of hospitals 150 grammes of sulphate of banum, 20 grammes 
Mondamine {Maizena flour), 15 grammes cocoa, 10 grammes sugar, and 400 c.c 
water This mash should he taken arAtUr tcorm , when cold it ts too thick or lumpi 
to fill the finer canties or folds of the alinicntarv tract 

Several preparations, such as RontjTim, exist in which banum sulphate is 
supplied read} mixed with a colloidal substiaec wJuch keeps it m suspension for nearly 
two hours, and with sugar or saniOa, etc, to give it a pleasant taste- Tlic addibon 
of a colloid IS necessarj to prevent the banum salt from forming a sediment at once 
and so ginng rise to faulty diagnosis 

If the patient takes such an opaque meal, and the exposure is made on a film 
after he has swallowed all or the greater part of it, nothing but the oulhnes of the 
stomach will be visible on tlie negative This will reieal deformities, or unusual 
positions of the stomach, but m most cases it will pve little or no information about 
a suspected beginning of a growth, or ulcer, etc Much more can be learned if the patient 
IS made to dnnk the meal vhile he is being examined on a Jiuoreseenl strten Much 
depends then on a suitable consistent of the meal If too thin, it will pass too 
quickly through the stomach and will deposit a sediment- The meal should have 
the consistenc} of a thick cream, so that it is still possible to dnnk it. An\ irregular 
shape of the mtenor of the stomach, or an obstacle preventing the even espansion 
of the meal, will thus be revealed while the meal is entering the stomach, and if an^'thmg 
suspicious IS nobced, the screen should be replaced by the cassette containing the film 
and the exposure can thus be made at the correct time, while the irregulantj is nobce- 
able Pure sulphate of banum when mixed with ^londamine or mashed potatoes, etc , 
has the consistenci of pomdge and is too thick for this purpose "When mixed with 
milk onI% , a tliick, sbff sediment wriH begin to form as soon as the stunng has ceased 

The ureters are not MSibIc, but to find out whether a stone is m the ureter or 
outside a catheter, opaque to X ra%s, can be introduced first and the shadows then 
indicate the exact posibou of ureter and stone The gases in the bowels are transparent, 
an^ cause dark spots on the negative which may be misleadmg The apenent helps 
somewhat, but a plain com ex Luffa sponge, or an inflated rubber ball or cuslnon, 
may be pressed into the region of the abdomen to be examined, to disperse any gas 
bubbles (see Fig 104) 

If an exposure of the left kidney is bemgjnade, part of the spine, or of the lower 
ribs, should be visible on the plate, as a entenon The appearance of the bones will 
show whether the penetrating power used, the durabon of the exposure, sn^ the 
development hai e Wn correct. As soft rays have to be used, the vertebras of Uie 
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fast fika has been exposed, ■wc move it to a distance of S cm. on the other side, and 
•when the film has been changed, make the second exjMsure. The plane in which the 
tube IS to be moi ed must be parallel to the plane of the film, so that the distance 
between the anticathode and the film is the same in both instances. The direction 
m ■which the tube is mo\ed must be rectangular to the longest side of the object; 
if we take an elbow, for instance, the tube must be mmed across, not parallel with, 
the arm 

Large films are cvamincd in. stereoscopes with rcfiecting mirrors, or else reductions 
of the films can be examined in ordinary stereoscopes. 
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FILM TECHNIOUr 

Is tJje obituarj nolicc of a prominent London radiologist it was stated that bis success 
in rndiogrnphj was in a large measure, due to the great personal care «hich he bestowed 
on the piirclj photographic side of his work It is certain that careful technique in 
tlie X n> room is frequentlj spoilt lack of attention to some simple detail m the 
dark room 

In the following pages I ha\c endea\ourcd to put forward the adrantages of 
standardixnlion of tlic photographic process This im oh es careful attention to certain 
details, after which the dark room work becomes practicall} automatic, and tlie gam 
is that the radiologist can spend his time and encrgi on attending to the patient, 
tlie exposure, and the correct interpretation of the result 

I am indebted to Professor Fggert Dr Peterson Dr Franeke and others for 
much help obtained m 6tud}ing tlicir writings 

Tlie Photographic hlatcrlal consists of on emulsion sensitive to light and 
X raj's, which is uniformlj spread in a lover of gelatine on both sides of a sheet of 
celluloid or on one side of a glass plate Tlie former is known os the X ra> double 
film, and also b> a sarict) of trade names and the httcr as on X raj phte The 
double film IS a comparatuclj recent inscnlion, and up to its coming the use of the 
pHlc was unncrsal The ndsantages of the film liowescr are so great that plates 
will sunish from X ras work altogether as time goes on Films — 

1 Occupj one sixth the space of plates 

2 cigh onlj one tenth os much os plates 

0 Are unbreakable 

4 Iloae certain \crj definite photographic advantages 
The first three points moke films easier to store ond to send about the countrj 

THE PHOTOGRAPHIC PROCESS 

The sensitive emulsions of a film consist of silver bromide m gelatme When 
exposed to radiation (either X rays or visible light) the parbcles of sil\er bromide 
absorb energj — thej are ‘ energized,” and in this condition tliey are easily reduced 
to metallic siher, whicli forms a blacL and opaque deposit when the film is immersed 
in a suitable reducing agent. The quantitj of silver which is thus deposited depends 
on the amount of radiation which was absorbed by the film When all the 
energized particles have been reduced, the film is transferred to a solution of sodium 
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makes of lilms, is to place Uicm m double envelopes or in cassettes, as usual, and to eover 
them o\cr entirelj isith a sheet of lead 2 mm thick This is then drawn back one 
centimetre, and on exposure is made for, say, one tenth of a second (or any other 
consenicnt tune) Then the lead is drawn back anoUier centimetre and X rays are 
again turned on for the same time, and so on PJ itc III shows such a comparison in 
which A C arc strips of double film and B D are plates, A and B being respectively 
with and C and D witliout, accelerating screens The experiments were made with a 
Coolidge tube, 1 5 SI A 52 kilovolts, 30 in focus film distance, and one tenth second 
exposure per step Agfa double coated films ind one of the best of modem X ray 
plates wxre used The pictures are negative, and therefore the lower end has 
received least, the top end most, radiation The three conditions mentioned above 
arc satisfied as follows — 

1 The strip showang tlic greatest blackening m its lightest space is tlie one which 
giv es the greatest response to tlie smallest amount of X raj s, and it is evidently A, 
the double film with two screens 

2 The increase m densttj from one step to the next is different in each of the 
four strips In A Uie increase per step is considerable and can be observed for e\ ery 
step A shows much contrast boUi in the transparent and the dense parts of the 
negative In II the mam increase per step is at the lower end and the denser steps at 
the top show little contrast C and D do not show very great contrasts from step to 
step at anj point 

8 ^e greatest dcnsitj is produced at the top of A. 

Scientific use is made of such strips by measuring the actual density of each 
step on a photometer and dmmng a curve 
for cadi strip in which the densities ore 
plotted on a s ertical axis and the time of 
exposure (logarithms for the sake of con 
venicnce) on the horizontal axis 

In Fig 10(5 we sec the general form 
which such a curve will take Starting 
horizontallj it will, at a certain value for 
the time of exposure, rise more or less 
steeplj till at a greater length of exposure 
it again becomes horizontal The initial 
horizontal piece is due to the fact that 
development should always be carried 
so far (see lielow) that unexposed silver 
bromide just commences to be reduced to 
silver — a condition which is indicated by the presence of the smallest perceptible 
density of fog on the unexposed parts of the film The upper horizontal piece 
represents the maximum density vrhicli can be reached when all the silver salt is 
reduced to metallic silver, and prolon^tion of the exposure, no matter for how long, 
will not mcrease it 

The inclined part of the curve is the piece which interests us from a radiographic 
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point of Mew It Js known as the “gradation ” of the film or plate, and m Fig 107 
we bare the curves corresponding to the Him and piste experunent shown on Plate 111 
We observe, first, that when the gradation is steep as m curve A, Fig 107, and 
strip A, Plate III, slight vanations in exposure (and therefore also in intensity of 
X raj's) vnll produce large differences of densitj, whereas a film with flat gradation 
(curv e C and strip C) requires larger differences of exposure or mtensitj to produce 
perceptible changes of densjtj 

SecondU, we note that the steep ascent of 
the curve of the densest strip, i e , the one which 
was most sensitive to X rajs (strip A, Plate III, 
and curve A, Fig 107), occurs after less exposure, 
and is therefore nearer to the vertical axis than are 
anj of the other curves The position of the steep 
piece with respect to the v ertic^ axis is therefore a 
measure of the sensitivntj 

And, finallv , the use of mtensifjnng screens 
makes the gradation of the film or plate curve 
Steeper, and moves the ascending piece towards the vertical axis. 

It becomes evident that the film with the steepest gradation and with the grada 
tion cun e nearest the v ertical axis, is the most suitable for X ray work 

The film must be exposed for such a tune that the medium densities (half lights) 
m the picture are situated about half way up the steep part of the curve Then a 
variation of mtensitj of rajs will produce densities above or below the medium one, 
but still situated on the steep bit. Anj other exposure would put the bghter or darker 
parts of the film on the lower or the upper bonzonlal piece of the curve la the first 
case there would be no contrast at all, but just uniform transparency m the thickest 
parts of the bodj , and in the second the thm parts would all be umforralj black and 
indistinguishable 

Up to this point we hare considered ranations of quantitv or inteasi^ of X 
rays and have tacitlj assumed that the quahtj or penetrating power has remained 
constant This, however, depends on the kilovoltage which is applied to the tube 
The higher the voltage the shorter is the wave-length of the emitted radiation- Long 
wave raj's (soft) are more heavilj absorbed both bv the bodj and bj the bromide of 
silver than short ones (hard) Hard rays produce bttle contrast and a flat picture, 
whereas soft raj's give much contrast and a brilliant negative Given the same quahtj 
of radiation, the double film wth steep gradation will alwaj-s show more contrast 
than a film with flat gradation, or than a plate The double film with steep gradation 
can therefore be vised with harder rays than a flat gradation film or plate and still give 
a diagnosable picture ^ow the mtensity of the emitted X rays is proportional to the 
square of the kilovoltage, and therefore the film which, due to its steep gradation, 
can he used vnth harder raj^, requires considerably shorter exposures, without detnment 
to the quality of the picture Undoubtedly harder rays also produce more scattered 
radiation, and this giv es nse to fog, but on the other hand scattered rays are generally 
ehmmaled by means of a Potter Budqr diaphragm 
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DEVELOPMENT 

Developers \ary one from another in their behaviour, and so the choice of the 
particular solution to be used depends partly on the condition obtaining during 
exposure and partly on the demands which the finished negative has to satisfy 

In radiography these conditions and demands ate more simple and straight 
forward than in ordinary photograph) The intensity of the beam of X rays, coupled 
with the thickness of the object which they have to traverse corresponds to the degree 
of lUummation m ordinary photography, and the variation of the opacity to X rays 
between one part of the object and another is the radiographic counterpart of the 
high light and low bght contrast of landscape or portrait work The X ray film has 
to deal with smaller differences of ray intensity as a result of this variation of opacity 
than the ordinary photographic film or plate On the other hand we have the advantage 
m radiography of being able to increase or decrease the amount of radiation at will bj 
altermg the rmlliamp^age m the tube, and we can make more ot less contrast by 
changing the kiloioltagc and, therefore, the penetratmg power 

In ordinal) photography we allow for too much or too httle illumination 
or contrast of on object by choosing a suitable emubion and a suitable developer In 
radiography, however, we can correct the corresponding pouits by our apparatus 
controls and, if we have chosen the conditions correctlj, the task of the developer is 
nothing more than to convert all the energized particles oi silver bromide into black 
metallic sil\ er The dev eloping process is complete as soon as tiiose particles of silver 
bromide which have not been energized by X raj's, and which consequent!) respond 
only slow!) to the developer, commence to be reduced This would cause that depo 
sition of metallic silver throughout the whole emulsion which we call fog and which 
wovild ever increase m density tiU at last no bromide is left 

The developer which must be regarded as the most suitable — assuming that 
the tunes of exposure are correct — is the one which produces the greatest possible 
transparenc) in the unexposed parts of the finished picture, whilst at the same time 
givnng the largest degree of contrast 

The number of developers which have been found suitable m radiograph) is 
small and three only are of iraportauce The) are Glycm Eodmal and Metol 
Hydroquinone Of these, the Gljcin solution as purchased from dealers, is diluted 
to 1 m 4, the Kodmal solution to 1 m 10 whereas Metol Hydroqumone is supplied 
m dry form and made up os stated on the tin 

IVe can exannne how these tinec developers compare as regards contrast and 
transparenc) b) exposing a film in steps as explained on page 113, and then cutting it 
into strips whicli we unmerse m the developer under test. We remove one strip after 
I minute, anoUier after 1 } minutes, and others after 3 6 12, 24 minutes respective!) 
After the) have been fixed and dried, the strips are measured up photometrically and 
density curves are prepared In Fig 108 we see such groups of curves for the three 
developers in question and the figure which appears agamst each curve shows the 
number of minutes for which the particular strip was immersed in developer 

e assume that the best possible result is produced when the film has been 
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de' eloped up to the point Tthen the sdrcr bronude, ^rhich has not been acted upon 
b> X raj’s, commences to be reduced This point is reached when the unesposed step 
on the him, i e , the bghtest one, shows a density due to fog, which is just perceptible. 
On the particular photometric scale which was used this is about 0 25 
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On the group of curves relatmg to Glvcin we see that the one correspondmg 
to 12 mmule iimncrsion has a densilj value for its horuontal piece of 0 15 The 
24-mmulc cur>e has 0 28 A cun e commencing at 
I a B the permissible 0 25 would therefore correspond, 

■ saj , to a 22 mmute unmezsion. 

Sioularlvfor VetoIHydroqumone a 5 minute 
imm ersion curve, and for Bodinal a 3 minute 
umneTSion curve, would commence with a fog 
densitj value of 0 25 

We see also for each of these three developers 
that longer umnersion mcreas^ the fog densi^ 
***** EXPOR'HE Metol Hidroqumone gives 0 32 fora C mmute and 
pjg 0 6 for a 12 minute immersion. Rodinal gives 0 5 for 

a 6 miniiti» and 1-0 for 12 minute immersions, and 
Glycm, which is the best developer in this respect, gives oalv 0 38 fog densitv after as 
much as 4S mmutes’ immersion. In other woids, over-development causes fog rapidly 
with Rodmal, less so with 'Metol Hi droquinone, and least with Glvcin. 
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If next ^ e determine the densitj curves of these dev elopers at the optimum immer 
Sion times (i e , to give a fog density of not more than 0 25), and plot these curv es on one 
diagram {Fig 109), we see that the Metol Hydroquinone curve (I) has the steepest 
gradation, that the Glycm curve (II) is flatter, and the Rodinal one (III) flattest of all 
We can therefore conclude that, provided we adhere strictly to and do not 
exceed tlie optimum time of development (5 


minutes), the Metol Hydroquinone developer is not 
onlv quick and tlierefore time saving in its action, 
but IS the one which gives the best contrasts and 
therefore the best detail 

EFFECT OF TEMPERATURE 

All the sensitoraetric tests referred to above 
hav e been made at the same temperature, namely 
18® Centigrade (Co® Fahrenheit) Temperature, 
however, has a considerable effect on the speed of 
development, and moreover it affects different 
developers to a varvnng extent The resulting 
change m the optimum time of immersion has been 
studied, again by the sensitometric method, and is 
shown m the curves in Fig 110 The optimum 
immersion times arc plotted vcrlicallv, and the 
corresponding temperatures horizontally 



We can summarize the result in the following table — 


12* 14* 10* 18* 20* 22“ 24* Centigrade 


Jletol nydroqumone 16 10 7 5 4 3i 3 Minutes 

Ghcin 14 so 27 24 21 18 IS 12 

Rodinal 1 10 10 O 4^ 3{ 3 2^ 2 , 


From this we see that using Metol Hy droquinonc on a cold winter s day at a tempera 
ture of, say, 12® Centigrade (59® Fahrenheit) we must immerse for sixteen minutes 
to get the same result as we would get m five minutes at 18 ® Centigrade (65® Fahrenheit) 
how 12° Centigrade :s a comparatnei} high temperature for winter time developer, 
but the curve shows that if we drop below this the optimum time increases very, 
rapidly— in fact, we rcacli the pomt where no amount of immersion will produce 
development The correct temperature of the developer is of very great 
importance In our latitudes, where for the greater part of the year too low a tern 
perature prevaik, the necessary heat is best produced electrically 


THE DEVELOPING SOLUTIONS 

The three developers mentioned above are put on. the market m a form 
ready for use — the Metol Hydroqumone being a powder which is supplied m 
quantities sufficient to make 8 oz or i, 1, or 2 gallons of solution, whereas 
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Gljcm and Hodmal are solutions which hare to be diluted to I 4 and 1 10 
respectn elj 

The Jletol Hjdroqumonc developer can also be made up from the constituent 
chemicals according to the following formula 

3 grammes Wetol 

00 „ ^Inhjdrous sodium sulphite (or 180 grammes 

crj'stahine) 

7 „ Hj droqumone 

50 , Potassium carbonate 

5 „ Potassium bromide 

These chemicals are dissolved in the order m which they appear 8501*6, m fiOO 
cubic centimetres of tepid (prcferablj distilled) water The solution is then made up 
to one litre and employed undiluted 

One charge of this solution of 2 gallons m the developer is not exhausted 
bll about twelve dozen 12 x 15 in double-coated filros haA e been devdoped 


THE FIXING SOLXmON 

This ma) consist other of a concentrated solution of sodium hyposulphite* 
diluted to 1 in 4, or better, of a so<aIIed acid fbcmg bath This can be bought as a 
powder readj imxed m tins containmg enough to maWe 1, 1, or 2 gallons of solution, 
or else it ma^ be made up accordmg to the following foimula — 

30 grammes Potassium metabisulphite 
250 „ Sodium hyposulphite 

1000 cc. Water 


This solution, which must not be diluted, is durable. It need not be renewed 
every day, as is the case with the plain hyposulphite solution mentioned above 
One charge of 2 gallons to the fixin g tank will fix about six dozen 15X12 in double- 
coated films When development is complete, the films must be carefullj nnsed 
before thej are iniBiersed m the fixing bath Ko dayhgbt must enter darmg Gxatioa 
because any exposure before the silver brooude has been completely dissolved produces 
a yellow or reddish fog The last renmants of silver bromide are slow m dissoh'mg 
m the fixing solution, and so it is well to prolong the Exiag process for some mmutes 
after the last \usible traces of the sil\er salt ha%e disappeared The fixing process 
takes ten to fifteen minutes when the solution is kept at 18® Centigrade 
(65® Fahrenheit) 

In summer, and particularly m hot countnes, the temperature of the fixmg 
bath frequently rises too high, and as a result the gelatme becomes soft and mav even 
float awa} from the glass or celluloid support. Under such circmnstances it is wise 


• The term is incorrect. The salt which is employed is 

—bat by common usage this has always been faiown as sodium hyposulphite, 
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to use a solution contammjj alum to harden the emulsion, and a fixing bath made to 
the folloinng formula will be foimd best — 

• 1000 cc. Mater 

200 grammes Crjstalhne sodium hiTiosulphite 
CO „ „ ,, sulphite 

CO „ , chrome alum 

10 ,, 00 per cent acetic acid 

The fixing bath must be Kept scrupulously clean from es'cry kind of contamin 
ation, particularly from traces of developer 

RECOVERk or SIL\TR FROM rmNG BATH 

M c lia\ c seen nbov c tliat the process of fixing an X raj film consists m dissolving 
the unreduced silver bromide bj means of sodium thiosulphate (commonly known 
as sodium In posulplutc) Tliere is produced silver thiosulphate m solution which 
becomes more and more concentrated In large X ray departments it is well worth 
while for Uie sake of economv to recov cr the sih or from this fixing bath more especially 
since it can be done vetj chcopl) 

Hic method consists in adding a solution of sodium sulphide to the fixing bath, 
whercbj siUcr sulphide is precipitated It is convenient to employ four Minehester 
quart bottles, as tlicsc will accommodate the two gallons of fixing bath which form one 
charge of the fixing tank ^^llen such a clurgc is exhausted and must be replaced, 
the old solution is filled into the four bottles so Uiat there is approximately the same 
amount in each Fighty grammes of sodium sulphide ore non dissolved m os small 
a quantity of water os possible, and one fourth of the solution is added to each 
Mmehester quart. A black prccipilalc of silver sulphide vs formed and live bottle 
must be shaken to ensure that os much precipitate os possible is formed The bottle 
is then allowed to stand overnight. In the morning the precipitate will have sunk 
to the bottom and is cov cred by a clear yellow liquid If this has not happened, enough 
sodium sulphide was not added Mliclher the supervening liquid is clear or not, a 
few drops of the concentrated sodium sulphide solution should once more be added 
to make sure tliat all the silver is now present ns silver sulphide MTien all the prectpi 
tate lias collected at the bottom of the bottle, the clear liquid is decanted and the 
precipitate is filtered off from the remainder The filtrate is then dried and sold to 
one of the firms who make a speciality of recovermg precious metals 

THE DARK-ROOM 

The first rule in all dark room work is absolute cleanliness, and one of the main 
contributing factors towards this end is sufficient space It is essential that the 
operators, whether there be one or more, should have enough elbow room m working 
and should, m particular, have enough table space A fruitful source of trouble is 
wi en the cliarging of cassettes with unexposed films and intensifying screens has to 
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take place on the same table as de\ eloping and fixing, or when, as is too often the case, 
the de\ eloping dishes, ete , ha\ e actually to be mo\ ed axu aj to make room for the fillin g 
of cassettes In large departments it is advisable to have a separate room for loading 
and unloading, and m small ones there should at least be a separate table for the purpose 
— fat removed from dishes, tanks and sinks, so as to prevent accidents 

Films and intensifjmg screens should be handled as little as possible This 
applies to the film m all stages of its progress through the dark room TThen it has 
been exposed it is best placed in a film hanger, in which it is then developed, 
fixed, crashed and dried, so that it need not be fouclied from the moment it is 
taken out of the cassette to tlie time of its departure to the phvsician, surgeon, 
patient, or filing cabinet 

The sure and safe handling of the film in the semi-darkness of tlie dark room 
IS greatlj facilitated bj sufficient light. It ma\ sound paradoxical to suggest light 
m a dark room, but this is a possibility provided the light is truly monochromatic 
Tliere arc certain wave lengllis m the spectrum to which the silver bromide emulsion 
responds sloirly, and a filter which allows these only to pass can be employed giong 
a very reasonable amount of light without danger, where a red glass allowmg much 
less illumination might fog the films 

It is a considerable conv enience to employ both direct and indirect dlumiaation. 
the former for momentary film examination, the latter for loading or unloadmg 
cassettes, which, notwiUistanding the aafe^ filter, should be done m as subdued a 
bght as possible Two lamps can be used, one for direct and one for mdirect Lght, 
or else one with a swivel holder sifll sene both purposes 

Two other accessories in the dark room should be noted "We ba\e seen how 
extremely important is the quesbon of temperature of solutions (page 117) A. 
thermometer with which this temperature can be observed, and an electric heater 
with which it can be raised are essential Often it is found convenient to insert the 
four tanks in one large bath filled with water The temperature of this water 
can be raised by the heater in wmter, or cooled with ice m summer, or m the 
tropics, and thereby ibe temperature of the solution is brought to the right level 


T.41VK development BY TIME 
The theoretical considerations of the derelopmg process which are given above 
have taught us that, provided the exposure has been correctly made, there is for a 
particular temperature of solution a certain defimte tune for which the film must be 
immersed A shorter penod will leave some of the energized silv er bromide unreduced, 
and so onnt available contrast, wJicrcas a longer period will reduce silver bromide 
which was not acted on by \ rays, and so produce fog 

The treatment of films in dishes is unsatisfactorv because one sensitive side 
of the film IS bound to be in contact with the bottom of the dish, and unless the 
dev eloper is agitated so vngorouslv that there is danger of splashing, the side m qvestion 
will be faultilv developed 

The method of tank development, which was popular for plates years ago, has 
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therefore been resorted to agiin but mth this difference Formerlj very dilute 
solutions V ere emploj ed for as long as half an hour or an hour whereas to day the 
solution IS stronger and the film is immersed for five minutes or whatever period of 
time happens to be the standard for the particular developer at the particular tempera 
ture (see pige 117) 

The whole of the developing and fi\ing process takes place in four tanks 
made preferably of enamelled steel Three of these are narrow and high and 
have a capacity of 2 gallons They are filled respectivelj with (1) the developer 
(2) water for rinsing the film after development and (S) the fixing bath The fourth 
tank has a capacity of 8 gallons and is filled vnth water for washing the film after 
fixation A tap is provided so that water which must be at a temperature not 
exceedmg 20® C (68® F ) can be kept flowing through the tank 

The object to be ottamed is to standardize the dark room process whereby 
the film w hich w e assume to have been correctly exposed can be placed m the developer 
and fixer for certain times so that the rad olog st can rest assured that the finished 
negative shows all that there was to show Not onl> does tins standardization of 
dark room technique relieve the mind of the radiologist of worry when he does his 
own developing but it makes easy for him the task of teaching and supervising 
unskilled staff in these operations Provided such staff are cleanly in their dark 
room liabits it becomes a matter of routine for them to produce negatives which 
are perfect from the photographic point of view 

To sum up It wnll be found that the output of a radiographic d^artment is 
improved by adopting tlie following standardized techniq le — 

Developer Metol Hydroquinone made up as directed 

Time of development Five minutes 

Fixing solution Acid bath made up as d rected 

Time of fixation Fifteen minutes 

Washmg in slowly running water Thirty mmutes 

Temperature of all baths 18® C (65® F ) 

"When the film has been washed it is hung up to dry m its hanger in some 
dust free reasonably warm and well ventilated place Care must be taken that the 
hangers do not touch the next film and that no draught exists which might be strong 
enough to make the films collide Hot air douches and similar methods of accelerated 
drying should be avo ded 


ERRORS IN EXPOSURE 

Under exposure — ^^Vllen a film has been exposed for too short a time the 
amount of silver bromide which is energized and converted to metallic silver is too 
small There is a lack of contrast and a flat picture results 

Attempts are sometimes made to correct such films by developing them for 
a longer tune than the standard This is worse than useless because as we have seen 
(page 115) the standard time of development reduces all energized silver brom de and 
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comes to an end just when the rest of the silver salt commences to be reduced Pro 
longed development can onlj produce fog and a decrease m contrast. 

tThere the degree of underexposure is slight, an improvement can sometimes 
be effected bj intensifieaUon After the film has been facd end carefully washed it 
IS immersed m the foUo^nng solution — 

20 grammes Sfercunc chloride. 

1000 c c Water 

Calomel (mercurous chloride) and silrcr chloride are deposited irherever there 
was metalhc sil\er before After being nnsed m water the film is munersed m the 
following solution — 

50 c c Concentrated ammonia 

1000 cc ^\at£r 

Hen; the two chlanrfcs are conrerfed to brown or blacJL compounds of silver or 
mercurj with ammonium and chlondc The film, which assumed a grej or white 
tmt m the first solution again becomes black Wc ha\e therefore replaced the 
metallic sihcr b> two insoluble chlondes which together are more dense than the 
er was 

In this an) contrasts uhich were present con be incrtased, but contrasts 
can onij be intensified if the) existed to some extent m the first instance Intcn 
sificatioa IS therefore a process of limited application onlf U )ie]ds its best results 
uhen a negatise has been under-developed rather than under-erposed In such a 
ease the contrasts are present but there is no densiU The adoption of standardised 
darkroom teclmique, however, renders undcr-derclopment impossible 

Apart from tins it must be noted that the mercuric chloride solution is a severe 

poison 

O>er-exposure. — The prospects of an over-exposed film are distmctly better 
There we are dealing with too great a depoiiiion of melalhc silver, but although a 
reduction of tJie standard tune of development might correct matters a little, it is 
not to be recommended 

The decision as to whether the negative is sufficientlv dense would have to 
be taken m the dim light of the dark room and, veij often, bv others less skilled than 
the radiologist. It is better to develop fully and, subsequent!) , to dissolve some of 
the deposited silv er out of the emulsion Reduction, as this process is called, is earned 
out m onjmarv da)hght, and can take place immediatel) after the film has been fixed 
and before it is washed A reducer can either be obtained ready and mixed and to 
be diluted 1 10 for use, or else it con be prepared as follows — 

Solution A 1000 c c Water 

100 grammes Crystalline sodium hyposulphite 

Solution B 100 cc Rater 

(keep in dark bottle) 10 grammes Potassium femc)amde 

Immediatel) before the reduemg operation, 100 c c. of A are mixed with lO e c 
of B The latter must be kept m a bottle of dark glass as it is sensitive to light. 
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Not onlj can a whole film which has been over exposed and is therefore too 
dense, be reduced, but parts of a negative which are too dense can be so treated It 
will frequently happen, for instance, m lateral vie^vs of tlie head, that details in the 
cranium are clearly visible but that the exposure ivhich was necessary to do this has 
made the part round the nose and smuses too dense Such over exposed areas can 
be treated with a ^ ad of cotton wool steeped m the reducing solution 

"When the reducing process has gone far enough, the film is carefully ashed 
m water — as after fixing — and hung up to dry The process can be appbed again 
and again until the film has the correct density 

Apart from the fact tliat an attempt to correct for over exposure by under 
development leads to the dangers due to exammation of the film in dark room bght, 
it will be found that by developing fully for the standard tune and then reducing 
if necessary, errors in exposure ate more easily perceived and diagnosed This 
permanent control of exposures is of considerable educational value 

SOME SYMPTOMS OF FAULTY TECHNIQUE 
Grey Fog — This gives nse to a lack of contrast m the negative and may be 
due to a variety of causes There may have been over-exposure or, more likely, too 
hard a radiation iras used Furthermore, as we have seen, over development 
causes fog 

The most frequent source of the trouble is, however, the exposure of the films 
to X rays or ordinary light before use or before development In the first case the 
film safe m which the unexposed films arc stored is not ray proof, or else the film 
has been allowed to lie about in a cassette or envelope while X rays were turned on 
near by. The second case arises when the dark room lamp is giving out too much 
light or the wrong kind of light, or if the film is too frequently removed from the 
developing solution during the process The tests to be applied are simple In the 
first case, wap i film m double enielopes and then ivrap thick lead foil round half 
of the resulting package After this has been left in the film safe for some days, remove 
the film and develop If there is any blackening of the part which was not encased 
in lead foil, the film safe is not suificieatly raj proof The second cause of fog, 
namely, faultj dark room lighting, is best tested by placing an unexposed film on 
the dark room bench and coveimg half of it with black paper Turn on the dark 
room lamp for the time which is necessary to charge or discharge cassettes, then 
develop Any blackemng of the exposed part indicates faulty illumination 

A Yellow Fog is due to oier-developmcnt or to the developer being exhausted 
A Dichroic Fog is the condition when the film appears yellow or orange 
in transmitted bght, and has a yellowish or even metalbc silvery lustre m reflected 
light. Such negatives sometimes look as if thev had not been sufficiently fixed The 
condition is due to the fixing bath being insufficiently acid cr contaminated with 
developing solution 

^VIute Half -moon-shaped Spots are due to careless handlmg of the film when 
it is placed mto the cassette or dunng development They are due in particular to 
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lankmg and bending oC the film, vrhich give nse to more or less extensive and clear 
sickle shaped white spots 

Handwriting and Dark or Light Markings and blemishes appear on the film 
when pressure lias been apphed to it m anj tra> A readr cause for such pressure 
IS when one uses the film in its wrapping or even the packet of films, as a writing pad 

Round, Diffuse Dark Spots which are distributed over the whole surface of 
the film are caused when the film without bcmg removed from the black bmder m 
which even the oidmaij wrapped films are placed is exposed to dajhght. Black 
paper is alwai's sbghllv porous and light can pass through the fine boles and act upon 
the photographic emulsion 

1 eins and Streaks in the Gelatine of the emulsion are due to impurities 
m the developer, particularly copper salts. These occur when hangers which are 
not made of tlie correct matenal are employed Hangers should contam as httle 
copper as possible The same trouble arises vcr\ eonspicuouslv when the film is 
frequentl\ ^emo^cd durmg development, for purposes of examination 

Round \Mute and sometimes Wholly Transparent Spots are due to bubbles 
of air which Iia^ e become attached to the surface of the film and have prevented the 
action of de\ eloper on this particular spot. 

The creation and attachment of oir bubbles con be avoided wetting the 
film before it »s immersed in the developer, and bj monng the de\ eloper about 
caxe/hlh It 15 a good plan to mo; c the film up and down once or twice m the hanger 
before It IS fmali; left in the solution 

Finger Marks, Light or Dark Sharp edged Spots are doe to the film 
Surface having been touched with unclean fingers or else to the presence of splashes 
of other chemicals Splashes of de; eloper solution produce ven dark spots whilst 
those from the fixmg solution give rise to practicilly transparent blemishes with a 
metalhc lustre £;en drops of water which are allowed to fall on the undeveloped 
film svill appear on the finished picture os dark shadows because the spots which have 
been so wetted are more ready to be acted upon bv the developer 

F rillin g Melting or Complete Detachment of the gelatme surface is pro 
duced through too warm and uneven drying 

A further result of incorrect methods of drymg m badly ventilated moist and 
warm rooms is the production of bactena These cause a large number of holes of 
\aiyTng dimensions which appear quite Iran^jarcnt in transmitted hght. 

THE COPYING OF NEGATH'ES 

ft may happen that a film is made of a subject of which a second picture cannot 
be obtamed and where it is very irapcntant that a record is kept. In such cases the 
film should be copied on to another film before it is sent out. Thereby a positiie 
IS produced and by once more copying on to yet another film a second negative is 
obtamed 

Special process films with an emulsion on one side on]\ are emploved 
The process film is placed in close contact with the negative Irehind the sheet of 
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plate glass in an ordinary pnnting frame, and exposed to the light from an electric 
lamp The length of exposure depends on the density of the negative 

The subsequent treatment of the diapositive film is exactly the same as for 
double coated films, and the same tanks and solutions can be employed 

■When the positive film has been washed and dried, the process must be repeated 
to obtain the fresh negative 

It should be noted that the diapositive film is affected only by the contrasts 
on the origmal negative and not by any fog which may be present The new negative 
will therefore, show clear transparent parts It will present a very much better 
appearance to the eye than does a fo ggy original, although, of course, the degree of 
contrast m the origmal cannot be increased in the reproduced negative 

REPRODUCTION OF PRINTS 

A paper print from an X ray film, whether it be positive or negative, mil ne\er 
show us as much detail when it is examined, as it must be, m reflected light, as mil 
tile original film m transmitted light 

Nevertheless, it is frequentl) necessary to make such prints for patients or 
records, etc 

The bromide or chloride paper which is employed must have a glossy 
surface I!ilatt surfaces shoM less detail than glossy ones 

The process of copying is similar to that of making second negatives (see 
previous paragraph) Development takes place m a Metol Hydioquinone solution of 
exactly the same strength as for films It is, however, wise to keep the print developer 
m a separate bottle The reasons are first, that prints cannot be developed m tanks, 
but must be dealt vsith in dishes, and secondly, prmts will show marks due to con 
tarmnation of solution mote easily than films, which are more robust in this respect 


THE GOLDEN RULES OF X-RAY PHOTOGRAPHY 
Strict de'inlmess 
When in doubt, over expose 


126 




SCHALL 


CIlJPTEIt nil 

CONTRAST AND DEFINITION IN THE X-RAY 
NEGATIVE 

The excellence of an X-my negative, from a diagnostic point of Tiew", depends on 
the contrast and on the deflmtion. 

Contrast and deQnition are influenced by many factors, and in this book -we 
can do no more than indicate m broad outime the more important of them. Those 
who would go more deeply into the subject are referred to an able monograph on the 
subject by Dr. Bronkhorst- 


CONTRAST 

An X-raj negative is a shadowgraph in which, howe\er, there are not only 
black and white, or, rather, density and transparenc)'. There is, m addition, evei^* 
conation m density from complete tran^arencj to complete opacity. The reason 
IS that e\ery object pbced between the X*ray tube and Oie film allows the rays to 
pass to a greater or less degree, and upon this degree depends the densIt^’ produced 
on the film 

The art of radiography depends on the extent to which we can distinguish 
shadows of greater or less densitj from one another, and then upon the accuracy with 
which we can interpret the tale n-hich these shadows tell 

It IS therefore of fundamental importance that adjacent shadows should difler 
sufficiently m densth’ to be readily distinguishable, and we call this difference in 
I densitj’ the contrast of the film 

Apart from the atomic number and the density of the object, the factors which 
have the greatest bearing on contrast are 

1 The exposure 

2. The wave-length of the X-rays 

3. The mtensifying screen. 

4 Scattered radiation. 

EFFECT OF EXPOSURE ON CONTRAST 

Suppose that two objects, A and B, are placed on a film, and that A is twice 
as opaque to X rays as B B will let twice as much radiation through to the film 
as A The part of the negative under B will be more dense than that under A. 
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Obviously, if we do not expose at all there will be no densities produced and, on the 
other hand, if we expose suflicienlly long we wjU energize all sih er bromide particles 
under A, as well as all those under B In the latter case complete density all o^ er will 
result 

There is, therefore, an ^ optimnm -salue be tween these two extreme s where tlie 
difference in degree of density tetween the shadows is a maximum The exposure 
table on page 104 aims at givmg this optimum value, but it must, of course, be 
amended for rndnadual cases 

In general it can safely be said that \ery many X ray negatives lack in density 
Viewing boxes are equipped with lamps of too low a candle power and with resistance 
dimmers in addition Better results could be achieved by making negatives which 
are of greater densitj and examming them m transmitted light of higher power In 

f other words, the milliampere-second product should be mcreased — preferably bj usmg 
larger currents 


EFFECT OF WAVE LENGTH 

Consider again our film and the two objects, A and B Very long wave rays 
(soft) will be almost completely absorbed by both No energy will penetrate and 
the film will remam transparent On the oUier hand, verj short wave rays will 
penetrate both objects to an almost equal extent, produemg nearly equal densities 
on the film Here again there is on o ptimum v'alue of wave length or v oltage between 
these two extremes at vrhich the difference in quantity of energy transmitted bj the 
two objects is greatest, and therefore also the contrast between the two resulting 
densities 

ICilovoItages m diagnostic work have undoubtedly been too high There has 
been a good reason for this The mtensity of the beam mcreases with the square of 
the voltage Generating units, and especially X ray tubes, have not hitherto been 
such that the heavy currents which arc necessary for short exposures could he obtamed 
The radiologist therefore helped himself by increasmg the voltage and thus increasing 
considerably the intensit} — but at the expense of contrast Nowadajs transformer 
units which give from 100 to 500 MJt , and tubes which will stand these currents for 
periods up to 0 1 seconds, remove this trouble No part of the bodj should be radio 
graphed with rays at more than 85 K V , and Bronkhorst, in his experiments, has 
shown that by reducing the kilovoltoge from 88 to 53, the improvement m contrast 
ranges from 30 per cent m the case of an aluminium object 12 mm thick (equivalent 
to sa}, I 2 cm of human tissue) embedded m 4 cm of water (= blood, etc ), to 
125 per cent m the case of 2 mm of aluminium in 12 cm of water Recentlj some 
verj striking lung pictures have been made at 2C K V and lOOO 

THE EFFECT OF INTENSIFYING SCREENS ON CONTRAST 

In addition to decreasmg the length of the exposure, intensifying screens always 
improve the contrast of a negative, and this effect increases as the amount of scattered 
radiation grows and as the penetrating power of the rays falls Screens arc UveteCore 
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most eiUcicnt as contrast producers where thick parts of the bod) are radiographed 
Milh soft ra>s 

This somewhat surprising phenomenon is explained bj Bronkhorst as follows 
Consider a film lutliout screens The pnmatj ra\'s upon which we rely for the ima'»e, 
strike the film more or less at right angles The scattered raj-s, on the other hand, 
slnke It oblique!) Since the pbologtaphic effect on the X-ray film takes place 
throughout the whole depth of the sensitire emulsion, it is evident that the scattered 
raj s will con^ ert more silver chloride pirlicles, i c , produce more densi^, thnn 
the pnmar\ rajs 

Isow consider tlic same film but with mtensifjmg screens The latter absorb 
both the pnniaia and the scattered nijs and consert them to fluorescence. The 
%'isible hght thus generated is the aetise agent in inakmg the negatise, and not the 
X raj's themsches Fluorescence is, howeier, a surface effccL Whether the raj's* 
strike Uie screen surface at right angles or obhquelj does not influence matters The j 
relative importance of the scattered tax's as compared with pnmarj roj s is therefore 
diminished ^ 

From this it foUou's that ncgntixes wlncli ha\e to be made when the amount 
of scattered rajs is large will benefit "most from the use of screens ‘Moreover, such 
negate es will be still further unproved when the kiloi oltagc irhich generates the rays 
happens to be low, because then the penetrating power of tJie scattered raj-s is also 
low and thej mil be almost entirclj absorbed by the screen 

The impreicment m contrast in a ncgatiie of an object surrounded bj S cm 
of water uhen radiographed at SS K V without screens, and at 55 K.V. xnth screens, 
IS from 100 per cent to ISO per cent. \ further result of this is that when hard rax*s 
are used mth screens, tlie same contrast will be produced as when soft ravs art used 
inthout screens 

Alodern screens are so free from gram that thej produce no blumng of Uie 
picture on tint score The considerations iDcntioned above indicate that screens 
should be used m all mdiographic xrork, and cspeciallj when ladk of current] 
compels tlie use of high kilox-oltages or when scattered rays are unavoidablj/ 
present. 


EFFECT OF SCATTERED RADUTION ON CONTRAST 
Reference to Fig Ti and to the remarks on page GO must convmce us at 
once that scattered tax's will tend to reduce contrast m an Xrax negaUxe This, 
of course, is well known to everj radiologist who has once used a Potter Buckx 
diaphragm and therebj greatlj eliminated scattenng 

A less obvious but verj important con«yderabon is that even cotnparativelv 
thin parts of the bodj scatter to such an extent that the use of a Potter Bud^ 
diaphragm appreciablj increases contrast. Thus the contrast m a negative made 
at 55 K.V of an object embedded m S cm of xrater is improved from C5 per 
cent to S3 per cent, according to the thickness of the object, when scattered rays 
are ehimnated At SS K.X the improvraient is from 100 per cent to 165 per cent- 
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Wien the surrounding ^vntcr is 12 cm deep the figures for 55 IvA ate 85 pec cent 
to 1C5 per cent, and for 88 K V 110 per cent to 100 per cent 

It follows from tlus that the use of the Potter Buck} diaphragm is imperative { 
in nil rad ograph} of thick parts and that it is verj advisable eaen for arms and legs | 
From 'nliat has been said on page 12"' it is evident that the intensifying screen 
loics its contrast producing properties when scattered rays are cut out On the other 
hand the Potter Buck} diapliragm reduces tlic intensity of the pnmar} radiation to j 
about one half and therefore renders more current or longer exposure necessaiy 
The intensifying screen counteracts this 

DEFINITION 

B} definition in an \ ra} negatne we mean^the s har pness of the edges of the 
various sliadows A shadow may be such that its density wall not vary as we pass 
across it till we reach the edge where there will be a sudden jump to the lesser dcnsit} 
of the surrounding area On the other band we may come to a region at the edge 
of tlie shadow where the dcnsit} graduallv lessens till it 
reaches that of the surrounding area In the first case the 
dcfmiUon is good and m the second case bad 

Tlic factors wlucli influence definitiou are tlie relative 
distances of focus and object from the film and the size of 
the focus In Fig 111 wx sec a diagnunmatic representation 
of a general case in which h is the focus O the object and 
S the film or scn.cn One end of the focus casts the shadow 
ac and from the other end we get bd It will be seen that 
these overlap and so vre havx a shadow be of complete dcnsit} 
surrounded bv a region nb and cd on each side m whicli the 
dcnsit} graduallv falls off — a region of luilf shadow or as the 
astronomer calls it, penumbra S 

In order that we roa} get good definition this half 
shadow region must be reduced to a minimum and there are I’ S 

various wa}s of doing this 

Suppose that focus-objcct distance is x and tlie object film distance is v then 
considering similar triangles vie have — 

nb } 

T’"'x 

or ob — r ^ 

X 

From this we see tliat we can make the half shadow region ab verv small b} 
reducing the size F of the focus or the distance y from object to film or else by 
increasing the distance x from focus to film 

The limit wluch we approach in reduemg the size of the focus is a point and 
Fig 112 shows us how in such a case the half shadow region vanishes Unfortunately 
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a point focus is impossible for reasons which ha\ e been discussed m the chapter on 
tubes (see pages 4—16) All that we can do is to make the focus as small as 
possible by adophng the principle of the 
hne focus (see page 14) 

The next step towards good definition 
IS to see that the object shall be as near 
the film as possible Tig IIS shows us 
bow the half shadow region ab becomes 
smaller when the object is mo^ed nearer 
the film than in Hg 111, other thmgs 
remammg equal Here again there is an 
ob\ious limit, smee several of the objects 
whidi are regularly radiographed cannot 
be brought m close contact with the film 
There remains the third factor, 
name]} the focus-object distance which 
can be increased, and this has given nse 
to the precbcc of tclcradiography 

TELERADIOGRAPHY 

B} this we mean the placing of an X ray tube at a considerable distance (sa\ 
suk feet) from the object and film, which themselies are close together 




The first goal to be achieved is that the size of the shadow slmll be approvi 
malely equal to the size of the objecL Itg 214 shows how the shadow of an object 
ISO 
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CONTIIAST AND DEFINITION IN THE X-RAY NEGATIVE 


AB increases from AjBj to AjB, if the film is moved too far away On the other 
hand, Fig 115 shoves liow the size of the sliadow AjB* of an object AB decreases to 
AjBi when the tube focus is moved from F| to Fj vrhilst the object AB and the film 
remain stalionarj We sec that AjBj is more nearly equal to AB m size than is AjBj 

The next achievement of telerndiogmphy is greater definition Fig 110 shows 
us how half the shadow area ab is reduced as compared with Fig 111, when we move 
the focus to a distance and leave the size of focus and the object film distance the 
same 

There arc, however, two more reasons why telcradiography should be employed 
m certain cases The first of these is merely a special case of the more general one 
discussed aliovx It occurs wherever it is necessary to make even the smallest objects 



Fig 116 Fig in Fig 118 Fig no Fig 120 


throw as distinguishable a shadow as possible, as, for instance, m the early diagnosis 
of tubercular condibons In Fig 117 we see a very small object and a relatively large 
focus We observe that the cone of complete shadow, which is shown entirely black, 
comes to an end before the film is readied On the film itself we get a pseudo shadow 
cb of less densitv because no part of the film is in the cone of complete shadow 
Astronomers would immediately recognize m this the phenomenon known as annular 
eclipse of the sun 
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Nott let us mo^c the focus far awnj leaving the object at the same distance 
from the film as before (Fig 118) TJie film is then in the cone of complete shadow 
iSot onlj IS the half shadow region round the edges made smaller but the pseudo 
shadow becomes a true shadow and has therefore its maximum possible densitj 

The tliird important reason for teleradiographj becomes apparent from Tigs 
110 and 120 The relatiAc positions of two shadows Aj and of two objects A and B 
wluch are at different distances from the film mas be entirely different according to 
whetlier the tube is near to or far from the film In Iig 119 we see the shadow 
to the left of Bj and in Fig 120 jt is to the rigl t In other words the nearer the 
tube focus is to the film the greater is tlie danger of distortion and apparent 
displacement B) making the distance of the focus to the film large we decrease tlie 
dixergence of the beam of X rajs we make the rajs more nearly parallel and we 
obtain a truer representation on the film of the relatne positions of the objects 

The trouble lutlierto has been tliat the intensities of \ rays which were a>ail 
able A\crc too small to take radiographs at these distances in the short times which 
are necessar\ Now Uiat tubes exist which can take large currents there is no doubt 
that teleradiography will become much more general 
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CB4PTBR IX 

THE PRACTICAL APPLICATION OF X RAYS IN 
THERAPY 

Titc advantages which diagnosis derived from the discoverv of X rays surpassed 
the most sanguine expectations, but the benefits conferred on mankind by their 
therapeutic applications have nowadays become equally great and are still growing 
from year to year 

In the following pages are given some hints regarding the practice of radio 
therapy, so far as the physical and tedinical sides of the subject are concerned The 
purely medical aspect is beyond the writer of this book, and therefore ifc creeps m 
onlj occasionally in the form of a reference to a standard author or a quotation 
from his work Tlie reader is referred to such publications for details 

X tays are now the therapy of choice in many diseases of the skin They ate 
of importance m ear, nose, and throat cases, in exophthalmic goitre, m some dental 
cases, and eien in the treatment of tumours of the bram ^\e find them applied in 
affections of the blood, such as leukiemie, of the nervous system, such as neuritis 
and neuralgia, m eases of arthritic joints, and, lately, m the treatment of malaria 
and tvphoid 

The most striking field of X ray therapy is undoubtedly still gynTcoIogy In 
the treatment of excessive lismorrhage, due to the approaching climacterium or to 
fibroids or m\oraata 100 per cent of cures tcttkoul a single failure or mishap, are 
claimed and admitted and this is achieied by exposures to X rays lastmg no more 
than Ij to 2 hours altogether, which scarcely interferes with the daily occupations 
of the patients 

The value of X ray therapy has often been estimated by its success or failure 
m cases of caremoma Tliere has been a tendency to oxerlook the large field of 
therapy which is briefly outlined aboie, and in which quiet successful work has gone 
on for A ears As a result, X rays have been condemned as a therapeutic medium 
because of their apparent failure in the treatment of cancer This is erroneous for 
two reasons First malignant disease is only One — though admittedly a very important 
one — of the spheres of usefulness of X rays there ore many others which are still 
but imperfectly evpWed Secondly, although the wild claims which were made some 
\ears ago ha\e not been realized it is a fact that in most sarcoma and in many 
carcinoma cases the results obtained are already as good as many which are achie\ed 
m surgery , and this at a time when X ray therap> is still m its infancy Well known 
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authorities claim from 28 to 69 per cent three } ear cures m operable cases, and from 
14 to 17 per cent five j ear cures m inoperable ones 

Such results gi\e X ra% therapy a position of unquestioned importance, both 
on account of what can alread% be achieied and because of the promise of still better 
thmgs when knowledge grows and technique unpro\es 

The technique of the diagnostic apphcatfoos of X rays can be learned m a few 
weeks 'Mistakes can be o\ ercome bv repeating the exposures without nsk of domg 
harm In ladiotherapj , however, this is different The doses required to produce 
the biological changes are fiftj to several hundred times as laige as those required 
for diagnostic purposes The effects which X ra3-s produce cannot be seen for se\ eral 
days and harm is sure to be done when the correct dose is considerable exceeded, 
and, in a few cases, even when it has been too small The difficulty, the art, and 
the skill of the treatment consist m applying to the organ we wish to treat a dose 
sufRcienllj great to produce the desired effect without mjuni^ other organs 

To be successful with therapeutic exposures, especially those for deep-seated 
mahgnant diseases, considerable knowledge, still, and experience arc required to 
master the correct qualitv , dose, and direction of the X ravs On the other hand, 
medical men can certainly learn it in as many months as it will take v ears to learn 
to perform efficiently some of the surgical operations which can now be replaced 
With equally good, or e\ en better, prospect of success bv exposure to X ravs 

Therapeutic exposures should be made under the supervision of medical men 
only, and those for the treatment of deep-seated mahgnant diseases only by those 
who can devote their whole tune and attention to this subject 

X rays act like a poison on animal tissues If doses of sufBcient strength are 
applied, cells become irritated, bhsters, inffammatjons and changes in the blood are 
produced and the cells may even be killed Small animals exposed to a certain dose 
invariably succumb 

/ That we may employ X rays as a curative agent is due to the fact that the 
susceptibility of different groups of cells ranes a good deal Young and rapidlv 
growing cells are much more susceptible to this poison than older cells m which meta 
bohsm has become less aetiv e Hypencmic tissues are more susceptible than anaumc 
ones, whilst spennatozoa and ova may be killed, and embryos or the growing seeds 
of plants may be irtasded m growth or pesmaaenUy inyvised by doses of 'X rsvs wbaeK 
are not yet suffiaent to leave any visible effects on older cells iloreorer, the cells 
of malignant disease may be killed or at least paralysed by doses which produce only 
a temporan slight in flamma tion of the skin 

The Biological Influences of X rays — Ubether the X ray^ have a chemical 
or electncal, or mechanical influence on anim al tissues, is not yet fully understood 
Several theories have been put forward (see page C8) X ravs are not felt, 
and weak doses produce no visible effects, but it is known that m cells whith have 
absorbed a dose of X ravs of sufficient mtensity, the faculty of the chromoromes 
and cells to divide and multiply is impaired They may recover, but when the 
dose has reached a certam strength the cdlolar nuclei disappear, and necrosis of the 
cells follows 
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The changes produced varj m wide limits with the susceptibihtj of various 
groups of cells, and with the quantity of X rays which have been absorbed They 
do not become noticeable to our senses immediately after the exposure, but with the 
microscope or chemical analysts some effects of even weak doses can frequently be 
observed within half an hour after an exposure WTien the skm has been exposed 
to moderate doses which will cause an erythema to appear about a week afterwards, 
a faint redness and a slight itching or burning sensation are noticed by many patients 
within thirty minutes after the exposure The mtensity of the injury which will 
follow is determmed already at tlie time the exposure is hnished 

Susceptibility of Different Organs — ^Tlic groups of cells most sensitive to 
X rays are the lymphatic tissues and glands, the leucocytes, ovaries, testicles, 
the suprarenal, and various other glands with internal secretion, like the thyroid, the 
thy mus, hypophy’sis, the spleen, etc Considerably less sensitive are the skm, the 
mucous membranes, the follicles of the hairs, the liver, the kidneys, etc The cells 
of the muscles and bones are the least sensitive Doses which are over 100 times as 
great as those which are letlial to ova or spermatozoa, will only begin to produce 
noticeable effects on bones Even in the same group of cells the sensitiveness vanes , 
the same dose may prove lethal to many of the cells, whereas others are only paralysed 
for some time, and recover It is supposed that those cells arc most vulnerable to 
X rays which are near the stage of division, whereas those at rest are less susceptible 

Increased Activ ity or Stimulation, Paralysis, and Necrosis — ^According to 
the strength of the dose absorbed by the tissues, and their vulnerability, an increased 
activity, a temporary or permanent paralysis, atropliy, or necrosis, will follow the 
exposure 

The increased activity due to the imtation caused by weak doses is frequently 
called “ stimulation ” It is only temporary, and lasts till the irritation has subsided, 
and its causes have been repaired It may be repeated once or twice, but it lias to 
be remembered that for a considerable time after the effects which arc noticeable to 
our senses, or which can be discovered even with the microscope, etc, have passed 
away , a second exposure has a “ cumulative ” effect llTiether this time of increased 
susceptibility lasts only a few days, or some weeks, or ev en several months, depends 
on the quantity of X rays which have been absorbed, and on the organs which have 
been exposed “ Stimulating doses ” cannot therefore be repeated as frequently as 
we would like to do it, because even weak doses repeated too frequently w^]I produce 
tOMc effects The best proofs for this are the hands of numerous medical men and 
engineers, who exposed them too frequently in the early years, before these toxic 
effects of the \ rays were sufTiciently known 

The boundary Ime between the weak dose which merely irritates so far that 
It can be called stimulation, and that which begins to paralyse, seems to be very 
narrow It v aties with the svisceptibihty of various organs It is also impossible to 
limit the action of the rays to a certain group of cells only, without affecting other*, 
for instance, the Ivunphatic tissues and the blood, at the same time Also it seems 
difficult to decide whether some of the effects are due to “ stimulation ” or to incipient 
paralysis of the functions of some cells For instance, w hen the spleen or the Jy mphatic 
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tissues ha^ e been exposed to a moderate dos^ more leucocj tes and Ijmphocj tes are 
found in the blood soon after the exposure The former maj haie increased to four 
times the number which «cre present before the exposure, but some hours aftemards 
their number begins to drop below the normal The time uhicb elapses before this 
drop begins and the mtcnsiU of it, xary with the doses absorbed, and with the 
organs which were exposed The increase at the beginning seems to be due onh to 
a more rapid expulsion of the Icucocjlcs etc, from the cells which produced them 
Thc\ empt\ their stores at a quicker rate Pro\ idcd the X ra> dose was not too 
strong, a reco\er\ sets in graduallj, and the cells resume their normal function and 
rate of activ it\ after some time Tlie blood ma\ show its normal composition again 
in ans thing between from 3 to 00 dajs, according to the quantity of X rass which has 
been absorbed b\ it ^Yllen the region of the kidnej's has been exposed the quantity 
of urine secreted increases, and so does the normal quantits of line acid, sodium 
chloride, calcium, and other minerals contained m it 

The paraljtic effects can be more clearlj defined than the much-disputed 
‘stimulation” The drsness of the mouth and throat, for instance, of which some 
patients maj complain c\en after a ser) prolonged examination on the fluorescent 
screen, is due to a panhsis of the salnao glands function of the oranes can 
be paroljscd hj moderate doses to Tebc\e excessne h-cmorrlnge 

Diseased or inflame<l cells are slightly more susceptible to X raj-s than healthj 
ones, and are therefore eliminated at a quicker rate after exposures to moderate doses 
It IS hkcl> that this is the reason wlij sircUmgs or tumours begin to shrink The 
fiealthj cells m the neighbourhood then find more room for expansion The greater 
•acti\ itj which can be noticed ui the adjoining healthy tissues maj be due partly to 
this and partlj also the increased irritation due to the greater quantitj of nccrotie 
matter which has to be eliminated The X rav sickness which begins to appear after 
exposure to moderate or strong doses is most hkcK Jargeh due to tins cause too 

With doses of sufiicient strength the irritation becomes so iiolent that eien 
organs like the skin etc become atrophied and shrink, or when the exposure was 
excessiie, ulcers and abscesses begin to form 

Anj of the ranous degrees of irritation caused b\ X rajs, the temporan 
stimulation, teraporarj or permanent paralisis atrophj, or eien necrosis of some 
organs maj he used therapeuticullj in suitable cases 

Some General Considerations — It is important to remember from the start 
that the biological effect on anj particular cell is proportional to the quantitj of 
X rajs which has been absorbed "Moreoier, we cannot cause X nil’s to be absorbed 
by some particular part of the bodj, either on the surface or deeper down witliout 
at tlie same time irradiating those tissues wlucfi fie befoii or aboie the particular 
part Endentlj the danger to those below is not so great as to those which inter 
lene between the tube and the organ to be treated This is because increasing 
distance and absorption bj supen ening tissue weakens the X raj beam, and so the 
parts below the spot where we want to concentrate a definite dose will recene less 
than that dose, but those aboie will recene more, unless we take careful steps to 
Bioid this 
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Tlicre are t«o important points in radiotherapj which have been the subject 
of much discussion In the first place, Tihat is the correct dose ’ Different organs 
and different conditions will obviouslj call for different doses, but what, in each 
particular case, is the right one ’ 

For a long time it was dcfimtelj asserted as stated abovi., that a weak do*e 
stimulates the individual Cells to increased growth, that a medium one paraijses, and 
that a strong one will kill cells The school of radiologists at Erlangen were emphatic 
that onlj large doses could achiev e the desired results, and that small ones aggravated 
various conditions This is much disputed now, particularlj by Holzknecht, who is 
of the opinion that ev erj dose of rays, no matter how small, acts detrimentally on 
tlie individual cell, but that if the dose is not large enough the cell will recover If 
a small dose is applied to a grovrtli certain cells onlj will die, and the others can, when 
the irradiation has ceased reeov er and expand at the expense of the dead ones, thus 
giving an impression of increased nclivity 

Arising out of this is the second much-debated pomt — namelj, should the dose 
which is required for a particular condition be given all at once, m as short a time as 
possible, or should it be spread in small fractional doses over a long period ? In speaking 
of the phologiaphic effect of intensifying screens as compared with that of X rajs 
by themselves, we noted (see page 105) that the result produced b> the rajs of visible 
light IS not proportional to the product of Intensitj by Time, but to the product of 
Intensity by a fractional power of Time, i e , 

D - I I' 

where y has some value less than vinitj In other words if we produce a certain effect 
vrith a certain intensity m a certain time, we will produce n greater effect by doubling 
the intcnsitv and halvmg the time It seems not unlAely that the same sort of thing 
maj applj to the biological effect of X rajs, that if the dose given in one sitting is 
large enough to produce the desired effect, a considerably larger total quantity would 
hav e to be given if fractional doses were administered with sev eral daj^’ or ev en weeks’ 
interval between each 

Even the same phjsical dose, when given in 10 minutes, seems to have o greater 
effect tlian when it is applied m 40 minutes If the same current, kilovoltage, and 
\ caf tube ste us^ in one instance ir/tit s focus skia ^istsitce of 33 coo , Aw sc 
exposure of 10 minutes duration and m another instance wath 50 cm focus skm 
distance for an exposure of 40 minutes’ duration, the phjsxcal dose received bj the 
skm IS the same, owmg to the inverse square law, and an lontoquantimeter indicates 
the same result in either case , but expenments on plants and animals, and clinical 
experience, prove that the same phjsical dose given in 10 mmutes produces a more 
intense biological effect than when it is spread over 40 mmutes The biological differ 
ence m fav our of the shorter exposure with more intense rays is as great as 20 per 
cent and where X njs are to be used as a d^tructivs agent it is a great advantage 
that It Ins become possible to reduce the duration of the exposure very much The 
cells have a tendencj to recover untd they have been subjected to a lethal dose 
and though thej maj not recover to their mitial condition between one sitting and 
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the ne3rt, the total aggregate dose must be larger because each bit of recovers must 
again be defeated 

Tlie application of the whole dose m one sitting is therefore recommended b> 
the Erlangen scliool, and man} others haic adopted it. The chief objection against 
It IS that some feeble and ncnous patients cannot stand th“ stram and discomfort, 
especially when the carcinoma dose has to be apphed and that X ray sdoiess {see 
page 158) appeared m a few instances m such a violent fom that the patients 
succumbed to it 

Experience on the other hand, has also shown that m gimawlogical conditions 
it is possible to pnxluce sterilization with a large number of sen weal doses In 
a report made before a medical soaetj in Pans, Dr Bed&re stated that he had 
treated successfully some 300 cases of profuse hxmorrhage with exposures of onlv 
file minutes’ duration each but continued oier seieral months until the hTmorrhage 
ceased In the majonty of these eases stenlization occurred after total exposures 
of between two and three hours had been gii en This means an as erage of 25 separate 
exposures of five minutes each for each case 

The advantage of these i ery small doses is that no trace of X rav sidmess 
was eier noticed, but it is surely a great Joss of time and moDcy, which many patients 
cannot afford, and which would be dangerous with malignant diseases Xogier has 
also shown that frequently repeated exposures to weak doses produce a certain 
immuniti of the carcinoma cells against \ rays, and that they act too slowly and 
allow n dangerous condition to exist too long 

The position at present seems to be that the extreme Erlangen technique of 
huge doses at one sitting has been entirely given up except in some isolated cases of 
carcinoma It is quite likely that m most other fields of X ray therapy the reduction 
in total dose and particularlv the subdivision into small fractional doses has not yet 
reached a hmiL 

Which IS the Best Onnhly of X Rays for Therapy ’ — ^Tbe quahtv — i e., 
the penetrating power or wave length — of the rays roust vary according to whether 
the part to be treated is on the surface, or just below it, or deep down The rays 
can be softest when they are to be absorbed near the surface, and must be hardest 
when they are wanted at a depth Investigations have been made to find out whether 
there is any variation of biological effect with wave length Up to the present it 
seems that withm the range of wave lengths from soft X rays to hard y rays from 
radium no such variation exists The biological effect appears to be solely proper 
tional to the quantity of energy of radiation which has been absorbed 

For a time it was argued that the highest available voltages were the best, 
and attempts were made to employ 250 K.V and more The chief argument m favour | 
of this step ivas that the mtensity mcreases as the square of the voltage, but this is / 
more than counterbalanced by the fact that the absorption decreases with the cube I 
of the voltage 

The best wave length to use is the one which causes a sufficient dose to be 
absorbed at the spot where it is wanted without injuring the skm or overlying tissue 
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If the penetrating power is increased beyond tins, the exposure has to be prolonged 
needlessly, without anj corresponding gam in therapeutic effect 

A voltage of 200 KV is probably the upper hniit to which it is advisable to 
go More than tins is not only unnecessary, but not so advantageous 

It may of course be that if tubes and transformers ore produced for 1000 K V , 
we might find the quahty of biological effect changing because some other part of the 
atom (see page 58), possibly the nucleus, would be excited, but this development 
IS still some v\aj off 

As thmgs are the voltages and filters mentioned by Holzkneclit may well be 
accepted as standards 


Case. Voltage 

Skin 100 KV' 

Medium deep therapy 120 K V 

Dmp therapj (Ijanphatics mjomata 1 icOKV-lfiOKV 

Jeukxmia etc } J 

Deep t)ierup> (carcinoma) 1"0 K V 


Filter 

0 a -1 0 mm alumioium 
10-10mni 

[OS mm copper plus 

1 1 0 mm aluminium 
0 5 mm copper plus 

1 0 mm ^umtnium 


The intensitj of the radiation can now be increased by raising the milh- 
amp6rage, since tubes and transformers exist which can stand up to these higher 
outputs for long periods and tlus is a more promising method to adopt than the 
raising of kilovoltage beyond what is necessaty 

The Dosage for Therapeutic Exposures — ^Tbe accepted umt for biological 
effect in therapy at the present time is that dose which mil produce erythema (see 
page 80) Perhaps we mil in time have a more definite unit, such as the lethal 
dose for particular kinds of cells, and this would be more acceptable because it would 
probably be more definite and less subject to the age and idiosyncrasy of the patient 
As it IS, the erythema dose vanes by as much as 10 per cent between one patient 
and another A most useful step would be to establish, if possible that various 
kinds of carcinoma react to various doses of radiation, each of which nould be quite 
definite for the particular form of the disease 

Eier since radiotherapy has been earned out attempts were m*ide to hnk the 
unit of one of the chromoradiometers (see page 82) to the erythema This, how 
ever, proved difficult because the quantities of radiation absorbed by the barium or 
vjJ.x^’5 lyAks. csS oa thn. QWt baiui, and. the. skin on the other., varied with 

the wave length Moreover, the variations were not the same Tlie absorption by 
the skin decreases more rapidly as the rays grow harder than does that of the radio 
meter salts The result is that if a certam radiometer effect (e g , the B tmt) indicates 
an erythema for soft radiation, it will indicate considerably less for hard rays 

Tins trouble is about to be solved by the introduction of the ionization unit 
“one Rontgen” (1 R) This keeps step with the skin when the wave length is 
changed provided that the ionization chamber is correctly made Sloreover, the 
newer instruments are calibrated in R units and erythema is produced by approxi- 
mately 550 R 

Tlie lontoquantimeters reading R units are not yet very frequent, and so 
It IS best to dose by the method described on page 87, where the kilovoltage. 
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milliamperage, and time are measured smd compared with the effect produced br a 
standard tube 

Empirical Determination of the Erythema Dose — ^Ihe dose which pro- 
duces eryth ema is the unit for all therapeutic exposures It is frequ«itl\ ’tferred 
to as the ‘ Unit bhin Dose” (USJ) ) and figures tn most Continental bterature as 
H EJO ” — from the German, Haul Emheits-Dosis 

The radiologist who wishes to canj out theraps is wdl adnsed to find out 
empmcalh in what time he can produce the U5 D under certain conditions of current, 
lalovoltage, distance filter etc-, and with a certain tube Tht» tube he then r^rds 
as his standard tube b\ which he can easdi calibrate all his other tubes— uaing the 
metiiod described on page 87 In doing this, he wil! not only gam practice and 
experience m handling Jiis apparatus, but he will establish once and for all Ins oim 
dosage me’^er in terms of the U.S D , or, if he has an lontoquantimeter calibrated in 
R units he will ha^e a ^aluahle means of chedong the readings of that instrument 
The duration of the exposure whidi is neccssarj to produce a UjS D depends 
on man\ factors The most important are the voltage, miUumpemge, focus skin 
distance, and filter It is influenced also by the ts'pc of apparatus which is n>ed 
For this reason it is not possible to pro more than very approximate figures when 
an installation is first set up and the actual time for the U^JD must be found 
expenmentalU 

Thus, for instance, an unfUtered radiation at 70 IL^ with a current of 2 3 M-A 
and a focus gktp distance of 23 cm will set up erythema in C to S minutes Under 
similar conditions but with a ^xiltage of 120 K 1 , the exposure will bare to last 
about 12 minutes because Larder ravs are absorbed m smaller quantiti ITl en a 
filter of 3 tnm of aluminium is us«! 13 to 25 minutes arc necessary kt loO KV 
and with a copper filter 0 3 mm thick the VS D can be produced in from 10 to 30 
mmutes according to the current which i» used 

To find the exact time for the U.S D we can bear m mnd that with a copper 
filter 0 3 mm thick and a a oltage of 120 K-T , we must pee about 3 5 B (Sabouraud) 
doses before the UjS-D is produced — it bemg understood that the. pastille is exposed 
at bfllf the distance from fotms to skin, and on the skin side of the filler 

If the focus filier distance is 15 cm and a Sabouraud pastille exposed just 
i>eJow live /j 1 jiouJd he jjfiscbrd Jo Jhc «wtra) jnart of the Bltex wDlh wnx^ shows 
Tmt B after an exposure lasting 15 minutes, this would mean that with a focus 'bin 
distance of 30 cm the full erythema dose would at any rate require more than three 
times 15 I e , mmutes and it would be safe to pve an aposure of this duration 
without fear of exceeding the erythema do»e If 43 minutes can be gi\ en wiUi a focus 
skm distance of 30 cm., we can calculate the time for which it is safe to expose at, 

28* 

sai , 23 cm bv apphmg the inverse square law It is 45 x — ; = 26 5 minutes, or. 
20* 

at 20 cm it would be 45 x — ; — 20 minutes 
30* 

If, on the other hand, an ionization instrument calibrated m B units is 
available, we can remember that o50 r roi^ily equal one U.S.D and we can ascertain 
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the approximate time by placing the ionization chamber at the full focus sIm distanci 
and exposing till 550 R lia\ c been recorded 

RJien the approximate time has been determined experimentally m one of 
these ^^aYS, exposures should be made on an arm or a leg and should be gradually 
increased till the time in which the erythema is produced has been found 

/\s this maj be a somewhat tedious process, it is well to bear m mmd that 
patients whose oxancs hn\e to be sterilized on account of profuse hxmorrlnge are 
conxenient subjects for calibrating tubes because there is no risk whatexer to the 
patient herself The ovaries are so much more sensitive to X ravs than the skm 
tlint about 0 3 U S D sulVices to produce slenbzation 

Suppose it has been found that at 150 K V x\ith a copper filter 0 5 mm thick, 
a diaphragm with 0 x 8 cm opening and a focus skm distance of 23 cm the standard 
tube gi%cs the U S D in about 24 minutes Suppose also that we have found by the 
method described on page 89 that the depth dose at 8 cm is 25 per cent An 
o\arj siUntcd at this depth will rccene 0 5 USD m 48 minutes This evidently 
will gv\c to the skin abose, a dose which is decidedlv more than one USD and 
would therefore injure it Tlic 48 minutes must, therefore, be spread over two 
windows by the cross fire method (sec page 151) end each receives 24 minutes 

IC it should turn out afterwards tliat the 24 minutes did not produce erythema 
and that as much as, say, 85 minutes would have been required with the tube and 
under tlie prevailing conditions of filler, diaphragm, distance, etc, the two 
windows together would have received with the 48 minutes’ exposure a total of 


48 X 100 
85 


137 per cent, and the ovaries 


25 X 187 
100 


34 per cent of the USD 


Tins IS still suHlcient to produce the desired sterilization 

The appearance of the skm in this first patient will most likely give some 
indication whether an erjthema would have resulted if the exposure had been con 
tinued for, saj, five minutes longer To find this out, other trial exposures can be 
made The next patient can be given 25 minutes tlirough one window and 23 mmutes 
through tlie other, and so on 

Eventually the exact length of exposure for the USD under given conditions 
with a standard tube and withm the lO per cent variation winch occurs between one 
patient and another, will have been found Any other tube can then be calibrated 
against the standard one, and, moreover, the size of diaphragm, nature of filter, 
distances, current, and voltage, can be altered and the new value of the exposure for 
D can be found by simple comparison of the tunes of discharge of the lonto 
quantimeter 

This determination of the USD requires a little patience on the part of the 
radiologist, but repajs him by giving Jura a better control over his apparatus and 
measuring instrument than he can get by other means 


Filters — Tlie action of the filter has been described on page 67 Certain 
filters have become standard nowadays, namely 0 5 mm 1 0 mm 2 0 mm , and 
S 0 mm of nlummium, end 0 2 mm , 0 5 mm , and 1 0 mm of copper 
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These are inserted in a slot la front of the tube box in case of Coolidge tubes 
When Metalix tubes are used the filter is screwed into the tube itself 

It IS, of course, all-important that the filter shall not be foi^tten. Omissions 
of this kind ha\ e been known to produce fatal results owing to orerdosage. 

Those who fear that assistant staK might foiget to insert the filters can make 
use of a simple contrivance As shown in Fig 121, it is arranged for gas tubes, but 
it can, of course, be applied to Coolidge tubes equally well, and with suitable modifi 
cations to Metalix tubes All tubes are provid^ with nngs at both ends, and the 
high tension leads from spring reels have hooks to be attached to these rings If one 



Vis 121 


of the cords is provided with a ring too, and ail the filters with a short silk cord 
carrying a double hook at its end, as shown in the illustration (Fig 121), the connection 
cannot be made without this double hook, and the operator is thus reminded of the 
filter if it should have been forgotten Different metals can be provided with silk 
cords of different colours — ^alummium white, copper red, etc 

SOME HINTS FOR SKIN THERAPY. 

Soft raj's are no longer used even for tlie treatment of skm diseases The 
voltage that is apphed to the tube is not less than 100 K.V. and filters of aluminium 
1 0 mm to 3 0 mm thick are employed. 

The difference which these filters make can best be shown by the experience 
gamed in epilation- ^Vhen no filter is used the full erj'thema dose has usuallj to be 
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applied to cause all the hairs to fall out , when a 3 mm aluminium filter is used 0 a 
I e , little more than one-half, of the erythema dose is already sufficient to produce 
complete epilation and no injlammaiion or reaction %>hatever mil appear on the skin 
Tlie duration of the exposure will be three times as great os it uould be without a 
filter being used but in most cases this will be amply compensated by the absence of 
any inflammation It is obviouslj better tlint the filter should absorb the softest 
ra\s, which cannot cien penetrate to the roots of the hairs than that they should 
be allowed to produce a useless inflammation 

On the other hand, filters which ore thicker than 3 mm aluminium should 
not he used for skin diseases, except in cases of malignant diseases extending lower 
down, as olhcnvise rajs of too great a penetrating power would reach the patient 
and bealtlij organs Ij mg deeper doim would he exposed to unnecessarily large doses 
Dosage in Skin Therapy — Sabouraud and Ilolzknecht radiometers hare been 
used for \cars and arc still popular m skin therapy The Holzknccht instrument 
indicates fractional doses of the USJ) The Sabouraud radiometer onlv shows the 
U tint whicli IS 0 S U S D , but it can be made to show smaller fractions or multiples 
of the D bj altering the focus pastille distance If the distance between the 

skin and the anticathodc is 20 cm , the epilation dose will be obtained when a 
Sabouraud pastille exposed at 10 cm from the anticathode assumes Tint B But 
if a pastille is exposed at this distance, and the distance between it and the skm is 
tnereased to 15 cm , the skm will have received only tno-thirds of the epilation dose 
when the pastille assumes Tint B Bv vaiying the distances suitably, fractions of 
the epilation dose can be measured On the other hand by making the distance 
between the pastille and the skm less tlian the distance between anticathode and 
pastille, multiples of the epilation dose can be measured Actual figures for these 
distances are given on page S3 m the chapter on Dosage 

Tlie most satisfactorj method of dosage in skin therapy, as m all other radio 
therapj, is with a standard tube or witli a reliable instrument calibrated in R 
units as outlined on page 87 

Even Distribution of Intensity over the Diseased Area is of great import 
ance If, for instance, in epilation for ringworm a small pvtcli does not absorb a 
dose which is sufficient to cause the hairs to fall out the disease is most likely to 
fnvn tJjjs patch 

Analogous conditions exist with manj other diseases It is rather difficult, 
or impossible, to correct such errors with subsequent exposures because the sensitive 
ness of the skm has become changed by the first exposure and remains m a v ery imev en 
condition for several months 

Unless the diameter of the diseased area is quite small it can be exposed to 
a dose of uniform intensity onlj if it is spread over a circular concave area with the 
anticathode in the centre of it, but such conditions are very rare with skin diseases 
If the diseased area is spread on a fairij level surface and the central rav falls perpen 
dicularly on it, the middle of the area receives a greater intensitj tlian those parts 
which are some distance away from this spot partlj because tlie distance which the 
rajs have to traverse becomes greater, and partlj because rajs striking an object 
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obliquelj !\a\ e a smaller intensity than tltose striking it perpendjcularU Tlic smaller 
the focus skm distance, the greater mil be these differences as is endent from the 
illustration (Fig 122) Tlie distance a b is shorter than a d b\ b d, but when the 
focus skin distance is increased the difference between the tiro is h d and is smaller 


In Fig 123 the difference of distance of the two rai*s due to mcreasing ob!iquit\ 
becomes still more apparent 

Fairlj even irradiation could he acliieved b\ choosing large distances, but tlie 
duration of the exposures is thereb\ increased so considerabli that the meoni enience 



n? i"2. 


and expense become too great, and with com ex 
surfaces like the head not even the longest distances 
would give satisfactory results with one single 
exposure To obtain a suflleentlj uniform irradiation 
of flat surfaces of larger area, or of convex surfaces, 
it has been found tint the distance between anti 
cathode and skin should be at kast t~cfcc as long as 
the diameter of Oc inadialed area If the diameter 
of the diseased area exceeds IS cm , it is better to 
divide It into seieral smaller fields, to be exposed 
separateh, than to have to increase the focus skin 
distance bexond 30 cm Tlie total time required for 
one exposure with more than SO cm distance will 



r*g 123 


be considerably greater than the sum of several exposures with only 20 cm 
distance each 

It IS not advisable to use several different focus skin distances because this 
would necessitate a fresh calculation of the exposure for each distance used. It is 
more convenient to concentrate on two distances 20 cm for areas not exceeding 
10 cm in diameter 30 cm distance for areas between 10 and 15 cm diameter The 
intensities obtained nowadays with good modern apparatus are so great that the 
exposures be fimshed m a reasonable time even at the 30 cm focus d.m distance 
We thus have the advantage of obtammg greater uniformity m the intensity over 
the whole area and the conTcnience of using not more than two different durations 
of exposure to produce the erythema dose in all skm xvork 
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IT the diameter of the area exceeds IS cm it is dn ided mto so\ eral fields each 
of which receives a separate exposure It is best to map these out carefully and to 
mark the outlines with coloured pencil on the si in or to make a plan on paper to 
find the points which should be struck perpendicularly by the central rays These 
spots are marl ed It is a help if a wooden rod of suitable length can be nttai.hcd 
to the tube box so that it is centred and projects in the direction of the central mj 
The tube is tlien shifted till tins rod touches the spot tiirough winch the central ra\ 
should pass perpendicularly The rod is removed before the exposure begins 

Other contrivances exist serving the same purpose for instance a telescopic cenli 
metre rule or a tripod with three rods comerg ng in the centre may be attaci ed to tl c 
tube box if the rods are made of tlun transparent wood such a tripod may even bo left in 
position diir ng the exposure as the rods absorb very little of the rays 



Formerly, it was attempted to expose rectangular areas about 8x8 cm wide 
and the adjoining ones were protected with lead rubber It is not possible to obtain 
satisfactory results in tins way because the frontier lines will eitlicr receive double 
exposures or no exposure at all It is a mucli better plan to let the exposures ov crl ip 
the adjoining areas The intensity of the rays dunimshes gradually the farther away 
they are from the central rays but the difference is made up because these parts 
receive a second or third exposure by the rays overlapping when the ndjoiuiiig area 
IS exposed (see Figs 121 120) A circle of 25 cm diameter may be divided into 5 
areas as indicated in the lUustritions Even the surface of convex objects like tlic 
head can be subjectcti to sufficiently homogeneous intuisilics in this way It can 
be mapped out m 5 circles of alwut 10 cm diameter each and exposed with focus 
skin distances of 20 cm If the circles overlap sufficicntlv complete cpiiation can I « 
achieved wiUiout causing any inflammation 
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For the treatment of ringworm the use of 100 K.1 , a focus shm distance of 

20 cm , and an alummium filter of 1 nun , is recommended ith a current of 2 5 
31 A , the exposure will be S to SI minutes per area Fi\e areas are exposed and the 
hair may be expected to fall out after two weAs Epilation will be complete after 

21 weeks Six weeks from the time of exposure will see the beginning of the regrowth 
of hair, and the normal appearance wiU be te-established after about three months 

It IS noteworthy that all diromoradiometers arc based on the epilation dose, 
1 e , that quantity of X rays which will cause the hair to fall out The widest apph 
cation of X. raj*s in the earlj dajs of skm therapj was for ringworm and very careful 
dosage is necessarj because a slight excess of radiatioh will cause not onlj er\'thema, 
but permanent baldness This wis noticed at an early date Later on it was found 
that small doses applied to bald patches m alopecia areata caused the hair to grow 




again Dr Thedenng reports that as small a dose as 0 2 DJS J> seems to suffice and 
must be apphed at mtervals of one to three weeks till tlie hair begins to grow again 
after about six apphcations 

X raj s hare proved most usehil m acne vulgans, eczema schorrhccic dermatitis, 
and lichen planus , m sj cosis and foUicuhtis, in anal and ^'ulva^ pruritus mj cosis 
fungoides chronic eczema, psoriasis, and in localized hyperidrosis (See Arch f 
Dermatol « St/ph , Januan, 192i, pages 13-17) 

For the treatment of mahgrtani diseases of the skin, tlie health\ part surround 
mg the diseased area is efficientlv protected with a mask of lead or lead rubber, and 
120 to 230 per cent of the erythema dose is then apphed to the diseased area A 
high percentage of permanent cures is being obtained with X raj's m this class of skm 
diseases 

The dermatological clinic of the University of Zurich reports that cases of 
rodent ulcer were successfully cured by using 120 K V aluminium filters 3 to 4 mm 
thick, and by giving 7 Sabouraud Ttat B doses to each case which comspond under 
the above conditions to about 2 3 ei^'thema doses IVhen weaker doses were used 
the result was not permanent and manv cases recurred 
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Dr Pine describes m tlie American Joiimal of Roenigenology, November, 1924, 
pnge 4S2, how corns can be treated with X mys so that they come off m one piece, 
Icanng soft healthy skin behind, with no vestige of a com remaining 

Only the com, and no surrounding tissue, has to be exposed to the X ravs 
This IS accomplished bj cohering the foot with a sheet of lead m which is punched 
a hole just large enough to allo^ tlie com to protmde through it Voltages of 90 K V 
must be used, uithout a filter, 25 cm focus skin distance, and 4 Sabouraud B doses 
ha\e to be applied m one sitting If the com is thin, or has been cut off flat, the 
dose may be reduced a little About a mouth after the exposure the com can be 
separated uliole ujth a finger nail It uoutd be dangerous to expose a large area to 
such n dose 


SOME HINTS FOR DEEP THERAPY 

Tlic term •* deep therapj ” is descriptive of all treatment by X rajs of parts of 
the bodj situated below the skm Some jeats ago it came to mean the particular 
type of intcnsue irradiation for gim-ccological cases which was practised at Erlangen 
and which for se^eral reasons was not aery popular here It would be well Jf the 
term would lose this meaning and would simplj stand for “ therapj at a depth ” 
Deep therapj can be divided under headings 
Medium Deep Thcrapj , 

Deep Therapy 

Medium Deep Therapy is concerned with a vanetj of conditions in which 
the seat of trouble is comparatn cly near the skin, such as glands (thjToid, thymus, 
hypophysis, Ij’mphatics), blood, leucocj'tes, etc The field of work comprises con- 
ditions so Widely separated as chmactenc ajinploms, tubercular glands, superficial 
carcinoma, bronchial asthma, leukxmia, exophthalmic goitre neuritis, etc , to mention 
but a few. Every \car, however, is addmgto the vanetj of such conditions in which 
X-radiation can be used with more or less success 

X rays in medium thcrapj are not used as a destructiv e agent pure and simple, 
Thej are emploved to set up certain biological changes, possibly bj causing cbemicil 
or electrical changes m, or onlv a partial destruction of, cells In such work, there 
fore, small doses applied at intervals seem to be the rule 

Deep Therapy, on the other hand, refers to localized conditions m deep-seated 
organs and is particular!) concerned with sterilization of the ovaries, caremoma of the 
uterus and the cervix, etc 

Here the X rays act as a destructive agent Unless the cells of tumours are 
actuallj destrojed, either directly or mdirectlj, the desired effect is not produced 
Doses are therefore larger and often applied m fewer sittmgs 

The physical problem is the same one m each case, namelj, to cause the 
particular organ or constituent part of tlie human bodj to absorb an adequate amount 
of X-ray energy For the present it would appear that the wave length of the 
X-radiation is immatenal so far as the biological effect is concerned (see page 1 S 8 ) 

The wave length is only of importance because the deeper the organ is situated 
14T 


SCHALL 


the more penetrating must be the radiation m order that it may amre at its goal 
in sufficient intcnsit\ without being hcanh absorbed before it gets there 

This howe\er is tlie big problem If the scat of the trouble is near the skm 
a comparatn eh soft ra^ will still reach it in sufficient quantity and without being 
absorbed to a dangerous extent overljnng tissue and sVm. deep**eated organ 
howci er calls for \ erj hard rars from which soft ra^-s have been remo\ ed if the skin 
IS not to suffer through too much absorption before the proper quantity has been 
giien to the organ in question 

Several radiologists (Seitz \Vintz, Ilolfelder jQngling etc.) working m \anous 
centres ha\ e found that certain biological changes can be produced bv definite doses 
of radiation These can be expressed as percentages of the D (ne^ the dose 
which produces erj thema on the skin of a normal adult between I" and 60 s ears of 
age) Thus 


•*0 to **a per 
"j to 30 
SO to 3 j ^ 
to 

50 t« CO 
GO to *0 
0 to SO 
SO to too 
100 
no 


ISO 


"0 to 80 



produces eiythema 


CO to 80 
GO to 90 
80 to 00 
CO to 00 


u) on infant to 3 months old 
4 to C „ 

- to !'» H 

in & child 1 to S jmrs old 
n S to 3 „ 

♦ to “ 

“ to 10 
H 10 to JG 

ID an adult 1*^ to CO h 

CO to “0 
"tl to 80 

m pabeots ntlfenn^ exoph 
thalnuc ^ tra 

in patients suffering from psonssts 
^ „ eczema 

in hjpotomc cases 
in patienU suffering from diabetes 


SO to "O per cent D produces p*TneDtalion 
SO ep iation 

150 to ISO eiytbema buUosmn 


ISO 


ulceration 


34 per cent D mil destroy oeanan folLcleS 
CO to 0 „ sareoma cells 

90 to 110 camnoma cells 

135 n lolesbnal tissue 

ISO nrascular tissue 

SO tubeieular t ssue 

34 „ the spleen 

Though it IS demed now that it is possible to determine a do«« which will kill 
all carcinoma cells or which will hate a untfona effect on carcinomas appcimng in 
diherent parts of the bodv it is undoubtedlt a great advance that the doses with 
which definite results hate been obtamed in thousands of cases, can be meastired 
and expressed in such a manner that others may apply tlie same dose and profit by 
the large experiences which have alreadv been gamed elsewhere 

The ifficultj consists m applvmg doses of the strength mentioned abote to 
oigans which are 6 to 10 cm bebw the surface j^iiJoul injuring tie if in the super 
Jicial la jers and the parts «i/iT0findin» the organs to be treated To make a carcinoma 
of the uterus disappear a dose quite as strong as that which will produce an erj'thema 
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on the skin has to penetrate to a depth of 8 to 10 cm below the surface, and oiimg^ 
to the greater distance from the antieathode, and the unaioidahle absorption taking 
place in the supers ening tissues the X rajs are bound to become steadily weaker 
before they arris c it these depths To apply such strong doses 6 to 10 cm below 
the skin, iMthout injuring it, it is necessary to use 

1 Electrical apparatus and tubes producing a large quantity of very hard 
X Taj s , 

2 Suitable filters and a suitable distance between anticathode and skm, so 
that a high percentage of the surface dose will be available 0 to 10 cm below the 
surface , and 

8 Cross-fire 

The Apparatus — ^Thc electrical plant for medium deep therapj must consist 
of some unit eipaWe of generating 150 K V peak, sveb as the smgle lalve, the four 
\aKe, or the condenser unit (see Plate I) 

For deep thenpj 200 K ^ must be a\ ailable and this is best obtained from 
a condenser unit (see PJsto I) 

The high tension generating plants are best placed in separate rooms and the 
current is brought through the unll into the therapj room The latter should be 
large and airy and its nails must be X-raj proof The control toble is best placed 
outside the therapj room so that tlie radiologist or his staff obser\ e the patient through 
lead glass window's 

The tube stand must afford adequate protection from primary radiation for 
the patient A self protected tube (see page 15) is already suJficientlv protected m 
itself A Coohdge tube on the other bond requires a bo\ Imed with lead rubber 

ProMsion for aluminium or copper fillers must of course, be made 

In addition to this there must be available a selection of cones or pyramids 
of M ood which are lined with lead rubber and closed at the end nearest the bodj , bj 
a thin piece of wood on which there is no lead rubber They thus sen e a threefold 
purpose Thej fix tlie focus skm distance and limit the cone of X rajs to a certain 
skm area and \ olume of the patient s bodj The thin piece of wood at the end of 
the diaphragm serves as a filter to absorb any secondary ravs nhich may start from 
the metal of the filter Its chief object, however is to keep the surface of the patient s 
body which is 'within the applicator, flat so that it cannot bulge into the cone (Fig 
127) If any part of the body were to project into the aperture of the frame it 
would come nearer to the anticathode than the edges and •nould receive an overdose 
owing to the shorter distance (Fig 128) The even compression which can thus be 
applied shghtlv reduces the depth of the object to be treated moreover, it makes 
the skm anxmic and so reduces its sensitiv euess to \ rays by as much as 50 per 
cent Under a 4 mm alumimum filter a non compressed skin will de^ elop an erj'thema 
after it has absorbed little more than 3 Sabouraud Tint B doses t\ith a well-corn 
pressed skm il to C such doses have to be given to reach the erj’thcma dose It 
helps also to prevent the patient from moving luid shifting the direction of the cone 
of rays 
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It IS irnportant that the focus of the anticathode should be exactly above the 
centre of the diaphragm. In the illustration the dotted line indicates the axis through 
the centre of tlie diaphragm and the anticathode should be centred so that the 



central roj runs along this line. Ftg 120 shews the distribution of the raj-s over 
the area to be examined or treated with X raj-s, when the focus of the anticsthode 
IS in the centre above tlie diaphragm. Ilg 180 shows the result when it is not in 
the centre. 



Fig 123 isa 


Concentration of the Rays through various "ITindows,” or “Cross-fire.” 
—Even the hardest rays which can be used are weakened so much by increasing 
distance and by absorption, that if 25 per cent of the mtensity prevailing at the 
surface penetrates to a depth of 10 cm, bdow the skm, this is considered to be a 
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good ratio ivith a distance of 23 cm between anticathode and skin and a skin area of 
about 50 square cm If we were to continue the exposure through the same part of the 
skin, as shown in Fig 131, till a carcinoma of the uterus had receued 100 per cent 
of the erj Ihema dose, the skin would have reccii ed about four or fii e times as much 
in the meanwhile, and a severe bum with ulcers would be the result, which might 
be almost as bad as the malignant disease, and equallj pamful Even the 34 per 
cent of the ervtliema dose reqmred for the sterilization of the ovaries would produce 
ulceration if the whole dose were administered through the same part of the skin 

This difficultj can be ov ercome if the total quantitj of X rays to be administered 
is not allowed to enter through the same part of the skin If the object to be treated 
Is Q cm or more below the surface a ‘ cross-fire ’ can be directed on it from several 
jioints of the surface, as mdicated m Fig 132, b> altering the position of the tube 
and of the diaphragm after one part of the skm has recen ed about 90 per cent of the 



cn-ttema dose If a suHiaent number of rnodorrs are used, we can applj at a depth 
of 10 cm doses eren greater than the erj-thema dose without exposing anj portion 
of the skm to more than 00 per cent of the erythema dose 

The Nmnher and Size of the Wndows to be used depend on the position 
of the diseased organ, on the dose of tars which we want to applv, and on the ratio 
between surface mtensits and the mtensitj available at the deptli i e , on theperceolage 
depth dose If the latter is, for mstance. 20 per cent of the former at a depth of 
10 cm , and we -wish to applj 100 per cent of tho erjdhejM dose to a uterus situated 
at such a depth, we must use hve to seven wmdows Three of can b- given 
through the abdomen, a smnlar number through the back one might be given from 
each side, or one through the vulva With the ovanes, to 3. per ™nl of the eijviema 
dose reqmred to produce stenlization can easdv be obtamed through two window, 

“tS to adjoining wundows. a space of 3 .0 4 cm. should 
otherwise tissues which arc onlj I or 2 cm below the surfare “ e-endo«. 

If the cones of the ravs ov erlap so near the surface that tbej liav e not v « tem weak 
ened to am laqje extent bv absorption and 

The Aperture for the TOndows should be chosen so that H. 
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IS large enough not to miss e\en a small target, like the manes, when the direction 
of the tube has been carcfullj adjusted, and to include the whole of a mahgnant 
tumour, but it should not be unnecessarily large, partis to enable us to find room 
for a sufficient number of windows on the surface of the abdomen or the back, and 
partlj to avoid exposing an unnectssars quantity of tissues, blood, etc , to the 
X mj toxin 

The tendencj is, honeier, to use larger wmdows In the first years, when 
the treatment of excessne himorrhage with X ni>s was begun (190C to 1910), a 
large number of windows (up to SO •) were used occosionalK , because with the tubes 
and apparatus available m those jeais the percentage depth dose was \ei5 small 
To find room for them, the apertures had to be correspondingly small (about 20 square 
cm ), which resulted in small targets like the cranes frequently being rmssed, whilst 
few tumours can he included entirdv m such small cones 

For the treatment of malignant diseases, the ideal would be to expose the 
whole abdomen to a uniform dose of sufficient strength to make the malignant tumours 
shrink Teclvtucallj this can he done by giving four exposures with CO cm distance, 
one from the front, the second from the back, and one from each side, but when 
the carcinoma dose is applied to tlie whole abdomen, the injuries to the blood, etc, 
become so large that patients ore m great danger of su'xumbing to the X ray poison 
Esperunents on mice and other animab prove that comparatively large doses produce 
no Tidble harm to the general health when administered through a smaD aperture ot 8 zom 
diam , whereas when the rxhole body was exposed to only one>tenth of this dose, alt the mice 
penshed, some of them withm three hours lo the year 1912 or 1918, a few patients, who 
were beyond help, were evposcd with their oooseot to large doses over a large area, wiA the 
result that the tumours shrank, but the patients died from the effects of the X ray toxm 

k. compromise has therefore to be made Wndows of 6 x 8 cm have proved 
to be very convenient m a large number of cases Three of these find room, with 
the necessary intervals, across the lower part of the abdomen of patients of normal 
size In the case of stout patients, the apertures may be mcreosed a little, because 
it IS more difficult to find the exact position of the ovaries, etc Apertures of 9 x 9, 
or ev en 9 x 12 cm , bav e lo be used if tbe size of the tumour, or a huge distance 
between anticatliode and skin should make it necessarv Both ovanes can be exposed 
simultaneously from the back with a window of 8 x 10 cm at a distance of 30 cm 
Some doctors prefer wmdows witli an aperture of SO or even 150 square cm with focus 
skin distances of from 30 to 40 cm 

The percentage of the rays arriving ot the depth depends to some extent on 
the diameter of the cone of rays entering the body, i e, on the size of the window, 
because tlie greater it is the more ** scattered ’* rav s will be avaDable "ttltb a distance 
of 23 cm between anticathode and skin, we may obtain 20 per cent of the surface 
dose at a depth of lo on when the appbeator has an aperture of 50 square cm , 
when the opening of tbe appbcalor is increased to SO square cm , the intensitv of the 
rays will rise to 23 per cent, and when the aperture is mcreased to ISO square cm it 
will rise to about 25 per cent of the surface dose 

The losses due to increasing distance and by absorption bv the tissues to be 
traversed — the latter vary with tbe qualitv of the rays used — are known, but the 
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influence of the scattered rajs makes it impossible to find bj calculation the intensities 
prei atlmg at \ anous depths Thej hare to be measured empirically with an lonto- 
quantimeter or Kienbock strips which maj be exposed in a suitable phantom or 
introduced in cavities hke the rectum or \agina of the patient The following figures 
show the differences existmg between calculation and actual measurements 


I 


Makino Aixowasce for 
Adsqrtwion and Increasing 
Distance tttt IvrrNsrrrEs 
snauui BE 


9«12 S7x57era 


I 


Correct Distribution of the Dose over the Diseased Area — Tlie dose 
required to produce sterilization of the o\anes 
IS so small that no harm will be done to the | 

surrounding organs if it should be exceeded ' /I 

100 OP even ISO per cent Tlie matter is ^ 

totallj different when carcinomas have to be I / ( ' 

treated Full\ 100 to 110 per cent of the I ul- 
erythema dose 13 required to make these ^ ^ I ll 

tumours shnnk, and 140 per cent of the p / / 1' - ® I 

erythema dose maj alreadj produce mjunes / / \\ S 

to the bowels so severe that in a few cases | / ' I 1\ I** 

th^ hs^e proved fatal | // 11 

The result and success of the treatment j ' I I \\ la 
depend on applying to the diseased area a ^1 S't 

dose of sufficient strength without injunng on> ** ^ ^ 

other parts, and this depends to a large extent o r 1 3 

on whether tlie direction and sizes of the cones 5 » ■^'N. — — 

of raA*s have been correctly chosen Great g « 

knowledge, thought and skill are required to ~ 

do this and a high percentage of tfae failures < _ /:n ^ — r “1* = 

with X ray treatment is undoubted!} due to S _ j! 

mistakes which ha\e been made m this /x 


respect ^ 

In raan\ cases it will be a great help if 
a sketch of the cross section of the patients "j ^ I 

body IS made on paper in raturo! size and / j I 

the position and size of the tumour is maAed ti- js3 

on it as accuratel} ns this can be done Several . j 

drawings of the cones of ra}s, with different sizes of windows * ® 

celluloid sheets or on transparent paper and the central ra% t e is ance, an c 
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outlines of the cones should be marked as indicated on Fig- 133 Bv placing one of 
these transparent drawings os er the sketdi of the cross section of the bodr, we can 
find out whether the size of the cone is large enough to cover the whole of the diseased 
volume, or whether the size of the window, or the distance between anticathode and 
skin, should be increased, and what position the tube should have. When a protrartor 
IS placed on the drawing the angle whndi the central raj should fonn with the per 
pendicular, and the distance from wdl known landmarks, like tlie umbilicus, etc., to 
the point where it should enter, can be found out. This point is then prodded with 
some mark on the patient s body, and a protractor should also be fixed on the tube 
stand so that the tube box raav be set at the proper angle The illustration (Fig 
134) shows wbat a great difference a sbsjbt 
alteration in the indmation of the tube 
box ma\ cause to the organs mduded in 
the cone of raN s 

Bv placing a s»»nd transpareiit 
drawing over the first, to find the best 
direction to be given for the ecposuie 
through a second or third window, we can 
see where the cones begin to overlap, and 
which organs beside the tumour will be 
subjected to the second or third esposore 
The direction of the cones has to be dosen 
so that the same poit of sensitive organs, like the bowels, should not be included m 
the cone of ras s from too manj windows 

When the best position for aU the windows has been found out, the inten-itv 
of the doses to be gtien to each window has \ct to be considered, so that the sum of 
all exposures reaches the mtensitj we wish to applv to the diseased organ. The 
farther the X ra\s penetrate through the tissues of the bod\, the more uneven will 
become the distribution of the mtensitr This is due m part to the losses caused bs 
the greater distance but chiefli to the influence of the scattered rai*s Their inteisitv 
IS greatest near the central rai, but dimmisbes with the square of the distance as 
the distance from it increases !nii> inlensrti also increases mthm certain limits, 
with mcreasmg depth Instead of being distributed erenlv over spherical surfaces 
having their centre at the focus of the anticathode, the surfaces of even intensity 
graduallv assume shapes as shown m Fig 135, but the shape of these curves thanges 
with the penetratmg power of the ra\s with the diameter of the cones of rov> used 
and with the distance betw^n the anticathode and skin 

Tables of the distribution of inlensity throughout the bodi have been com 
piled from measurements made on phantoms under varving conditions of wave- 
length, focus skin distance, and size of the skin window The results have been 
plotted on diagrams as shown and the lines represent the edges of surfaces of equal 
intensitj, while the figures denote the percentage depth dose. 

Several authors hai e contributed such diagrams whicb max be found m a number 
of publications 
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Thej look. soInc^^ll'lt Lcwildenng at first and, moreover, there has been a 
certain amount of discrepancy' beluecn the results obtained by various experimenters 
under similar conditions, but this kind of dia^am or table is undoubtedly a help 
towards obtaining a better understanding of the distribution of the intensities in 
various regions, and as the success or failure of the treatment of deep seated malignant 
diseases depends to a large extent on the correct distribution of the necessary inten 
sities o\cr the diseased \olume, it is worth while to study them 



The Distance between AnUcathode and Skin also influences the even dis 
tnbution of intensity throughout iv volume of the patient’s body at a depth The 
greater this distance the better will be the percentage depth dose and the smaller 
will be the difference m the intensities existing at various depths below the skin 
(see Fig 00 on page 90) In Fig 91A tJic distance between anticathode and skin is 
25 cm . and when the intensity on the skin is equal to 100 units, the intensities pre- 
vaihng at 4, C, 8, 10 cm below the si in will be respectively 

74, 05, 57, 51 units, so that at a depth of 10 cm below the skin, 49 per 
cent of the surface intensity dose has disappeared owing to the greater distance from 
the anticathode If the distance between anticathode and skm were 50 cm , as shown 
m Fig OOb on page 90, the intensities at 4, 6, 8, 10 cm below the skm would be 
8C, 80, 74 69 units respectively, so that only 
31 per cent is lost at 10 cm below the surface, owing to the greater distance For 
the even distribution between a depth of, say, 6 to 12 cm , it would therefore be an 
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advantage alwajs to use large distances but the duration of the exposures w21 increase 
rapidlv, because four times as large a quantity of X raj's will have to be produced 
with a distance of 50 cm to secure a certain effect, as with a distance of 23 cm onlv 
The inconvenience to the patient the loss of time to the operator and the expense 
of the treatment would be mcreased xerj much and a compromise has therefore to 
be made in this respect UTien organs 7 to 10 cm below the skin liave to be treated 
a distance of 23 cm between anticathode and skin is at prcsoit considered best 

If the diseased organ is no more than 1 to 5 cm below the skm, as in cases 
of mammarv cancer etc distances as great as CO or even 100 cm mav hare to be 
used to obtam doses of fairK similar intensitj at 1 or 3 cm bdow the skin. The 
cross fire method is not possible for such cases because the differait windows would 
bav e to be placed so dose together that thev would be bound to overlap on the skin, 
or at anv rate immediatdv bdow it 

IT the distance between antieatftode and skm were 23 cm. 50 per cent onfj* 
of the surface dose would penetrate to a depth of 4 or 5 cm If the exposure were 
continued till the crvUicma dose had been obtained at this depth the skin would 
have received about 200 per cent of the errtJiema dose, and a isevere and painful 
ulcer would be the result If the exposure were stepped when the surface had rceeired 
an erj*thema dose malignant cells 3 to 4 cm below the skin woujd not have reca*red 
even the dose which paralvses them Thev would onlr hare been irritated This 
mav account for some of the fadtrres which bare been reported in the treatroeat of 
carcinomas of the mamm® the vulva the stomach etc. 

The difficultv can be overcome if a greater distance is used between the anti 
cathode and skm and a larger aperture is chosen for the window If the distance 
IS incre.ased to 80 cm and the size of the window to lo x 12 cm. the percentage of 
the surface dose wl ich mil penetrate to a depth of 3 cm below the surface will increase 
to 90 and caremoma cells situated at such a depth can be exposed to the lethal dose 
without nskmg anj senous injurv to the skm 

The distance which it is best to use with such cases depends on the tludaiess 
of the infected parts and mav vaij from 50 up to 100 cm The duration of the 
exposure has to be increased accordmglv and mav varv fiom 3 to 10 houra for the 
full carcinoma dose If Uie errtheraa dose can be obtained with a particular tube 
m 2o minutes at a distance of 23 cm the time required vnth a distance of SO cm 
‘’a X SO* 

would be : — 30** minutes or a I ouis 2 minutes 

"S 

Since the depth dose increases with the larger sire of the window it is neassarv to 
consult the exposure tables given on page 1 C or to make some experiments on the 
phantom as described on page 92 

Auxiliary Ckmcentrating Filter — A block of paraffin wax 10 cm thick, which 
vs placed between the patient s skin and the ordinarv aluminium or copper ffiter is 
often used and serves a double purpose In the first place, the drop m intensitr of 
the X ravs per centimetre of depth gtoxrs less as thej penetrate fcrther into the 
bodv A reference to Fig ^0 on 90 will show this at once Ibe diCerence 
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in intensity between the skm and 3 cm depth is greater than that between the Otii 
and the I2th cm The superposition of a 10 cm block of wax has the effect of 
moving the skin to a point 10 cm deep in the body, and a point 3 cm under the skin 
IS then more nearly nt the same intensity as the skin 

The second effect is to bunch scattered rajs from the wax block into tlie bodj 
as shown m Fig 136, thus mcrcasing the mtcnsity of the available rays 

Thus, wnth a distance of 23 cm between anticathode and skin, the latter, under 
the wax block, will receive only 20 per cent of an erythema dose in 80 minutes, and 
m the same time tlie point 3 cm below the skin receives 
17 per cent If tlie exposure is continued for 2^ hours the 
skm will have received a full erjlhema dose and the point 
3 cm under it will have had 83 per cent, which is very near 
the caremonn dose Thus the relationship between tlie 
skm mtensit\ and that at 3 cm depth is as good when 
the auxiUarj filter at 23 cm anticathode skm distance is 
used as it would be at an 80 cm distance without the 
filter, but the tune wlucli is necessary for the exposure 
iTith the filter nt 23 cm is only about one third of tliat 
required at 80 cm distance 

How Long have the Exposures to last ? — ^^hen 
It is known m what time an erjlhema can be produced 
'vith a giv en tube, an<l what percentage of the surface dose 
will penetrate to various depths, the duration of the 
exposures required to produce certain percentages of the 
erythema dose at various depths can be found out b> 
simple calculations 

For instance, if 28 mmutes’ exposure should be required to produce an erj 
thema and if 20 per cent of the surface dose penetrates to a depth of 8 cm , the 
total exposure required to obtain 34 per cent of the erythema dose at a depth of 



8 cm ^ill be „s<5 6 mimitcs This would be too mucli for one ivmdou, 

26 

but with two exposures of 18 minutes’ duration each, given through two windows, 
tlie dose necessary for sterilization of an ovary can be obtained under the conditions 
mentioned above, without mjurj' to the skin. 72 minutes total exposure, divided 
over four wmdows, would be sufTicient to produce the sterilization of both ovaries 
of a patient of normal size For stout patients about 10 mmutes more should be 
given If one large window is used at the badv, instead of two small ones, the time 


can be reduced a bttle further , 

If we wash to apply to a caremoma 10 cm below the surface a dose of lOo jKr 
cent of the erv thema dose, and if 20 per cent of the surface dose penetrates to this 

_ 21 X 103 

depth we have to expose under the condibons mentioned above = 1- 


mmutes In order not to exceed the 2S mmutes for one wandow, six windows will 
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ba'ie to be used, with 21 minutes’ exposure through each Stout patients should 
receive about 3 minutes more through each window, thin patients about 2 or 3 
minutes less 

If, instead of this, 20 rauiutes were given through each window, 131 per cent 
of the er\ thema dose would reach the region of the uterus, and ting is too near the 
dose whiclt causes injuries to the bowels If we were to expose 16 minutes onlv, we 
should obtain Si per cent of the ervthema dose onls at the depth of 10 cm^ which 
IS a little belon the nunimum which has been found to be necessan 

Strength of Current to be used — This is still a ven open question- In 
the earK da%’S of deep theropv the currents ranged from 2 to 5 ilji- — sunplv because 
that liappeued to be the quantity which the apparatus of those davs could be counted 
upon to suppU continuously wiUiout breaking down Xowadas*s we have trans- 
formers which will gis e 25 ^f-A at 150 K-I and 5 to 8 3f-4- at 200 Ivt continuouslv, 
and tubes which will stand up to such loads The question then resolves itsdf mto 
the one which was discussed on page 135 Radiologists and biologists must find out 
bj conlmual research and comparison of results whether the single heaw dose heavfly 
applied m one sittmg or the manv small doses hghtiv applied with small currents m 
many sittings is best Opinion seems to be moving consideniblv in favour of the latter 

The X ray Sickness —The svmptoms of this are verv similar to those of 
sea sidmess, and consist of headache, want of appetite, and m more severe cases 
vomiting and even diarrhoea, occasionallv mixed with blood The seve^t^ and dura 
tion of the sickness \ arv a good deal, and depend chieilv on the volume of the bodv 
and on the organs which were exposed, on the condition of the patient, and on the 
duration of the exposure. 

The extremities arms and legs are scarceh susceptible, whereas the abdomen 
and the chest are verj sensitive Some patients also suffer a good deal more than 
others ilanv patients to whom the stenbzatiOD dose has been given m one sitting 
will escape with a shght headache. Others will suHcr from considerable heada^e for 
twrire to twenty four hours Others again, will respond with severe X taj sickness 

The application of 100 per cent U.SJ3 to a deep-seated cananoma is so severe 
a dose for the whole system that severe sidmess and diarrhcea, lasting sometimes for 
weeks, maj result. This is one of the mam reasons which is continuallv urged against 
Efiss^va «?/ 6t ooe frfifisg' 2s msar ciissor s pretoasaarr 

smaller dose is given to test the susceptibditv of the patient and also to produce that 
slight degree of immumty to radiation whidi enables future larger doses to be more 
easilv borne. 

The cause of \ raj 'Sickness has not xet been fully explamed It has been 
attributed to the mtnc oxide generated bv sparks and brush discha r ges, but this 
defimtelv cannot be the case Were it so then radiolf^ists and staff who spend a 
much longer tune m these rooms would suffer m the first mstanee Undouhtedlv, 
such gases are responsible for lassitude and drowsmess of which asastants often com 
plain and they must be avoided bv making the apparatus coronaless {see chapter 
on Protection), also by providing adequate ventilahon. 

The sickness of the pahent scans to be due to some imtant action of the 
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ra>s on the Iwwels, the stomadi, and the blood, which is likely to become overloaded 
with d6bris of cells which ha\e been killed bj the X rays Besides this, well marked 
changes arc produced in the blood, whicli can easily be prD\ ed with the microscope 
In particular, the number of Icucocjtcs becomes reducetl m proportion to the quantity 
of X rajs which reaches the body With the steriliiation dose the blood always 
rccoNcrs its normal composition, so far as tins con be pro\ed with the microscope, 
within three necks, with the dose required for carcinomas, sue or even eight weeks 
are required before this has taken place The changes m the blood place a limit on 
the area nliicli may safely be treated with the carcinoma dose at one exposure , other 
wise it would be quite possible to expose the whole abdomen to this quantity of rays 
After the blood has rccoiercd, a second exposure may be given after eight weeks, 
and a third one after sixteen weeks Rith some patients, honever, the blood seems 
to ha\c lost the power to recuperate , the \itality has been lowered too far already by 
the malignant disease R ith most of these the X ray treatment proved fruitless, and 
though the tumours may hai c disappeared, they succumbed R ith a few, transfusion 
of the blood has been earned out successfully , they recoicred, and are m good health 
Dr Ilolzknccht, of Vienna, the well known pioneer of X ray science, reported 
recently that an injection of 10 cc of a 10 per cent solution of salt into the xems 
makes the symptoms of the X ray sickness disappear withm about an hour He 
was led to try salt, because the blood of patients suffering from this sickness contains 
less than the normal quantity of salt His experience has already been confirmed 
since by scxcral others, who haxe also gnen 5 gnn of salt in tabloid form 

Injuries and Accidents --As many thousand X ray exposures are made every 
day. It IS not surprising that a large number of injuries ha\e already been caused 
The more serere injuries and some fatal accidents are more or less conTined to thera- 
peutic exposures, but sligliler injuries are frequent enough eten inth diagnostic 


examinations . a a 

Otcr exposures tvhieli are responsible for most injuries maj be due to a variety 
of causes Thus, for instance, aant of knoaledge and experience in drtermuimg the 
correct dose, errors in measuring the quality and quantity o t e rays us , or mis e 
m measuring the focus skin distance or making correct allouanee for any 
It, wiU all cause an incorrect dose to bo applied Mote serioas fnul s are 
to insert the filler, and the omission to siritcli the current off at 
If, for instance, the operator has more than one patient to attend to, 
to carry out, trbile the exposure ts going on Then again excess dosage - 1 “ by 
an accidental exposure of the same part of the skin for n second J ^y “l ow 
mg too short a period of rest after a previom. exposure It is "8“ 

weeks should be allowed lo any part of the skin which lias f 
erythema dose, and four weel.s and two weeks for halt or I"”*'' 
respectively. Moremer, a patieilt who has been ex^set a e 

previously to X rays somewhere else, will be unusually ™ 

same applies to patients who have 0 .^,^ m re suffer- 

ments or medicines containing mereury, zmc. bismutii. iodine, eic , 
mg from diseases such as nephotis, syphilis, diabetes, etc 




SCHALL 


Errors in adjustui" the direction and position of tlie tube, so tliat tl)» cones 
of rajs overlap and that the same part of sensitive organs hhe the bowels are included 
too frequentlj in the cone of rav s, maj cause stoiosis or ev en rupture, and pentonitis 
maj be the result Tlie bladder, tlie larjTix, and the brain are also vetj sensitive 
to ov er exposures Fluctuations in the supplj of current from the mam mav also b" 
responsible, though tliev lead more frequentlj to an under than to an ov er-exposure 

Injuries occasionallv appear as late as a jear or even several jears after the 
exposure The vntalitv of tlie epidermis or tJic epithehal cells maj hav e been lowered, 
and the skm then remains ver\ sensitive to subsequent mechanical injuries pressure, 
fnction, or imtalion bv chemicals Imtant soap has repeatedlj been traced as the 
cause of late injuries appearing One case is recorded in wbicli a suigeon spilled a 
little hjdrochlonc aad over liis left hand, and an X ray dermatitis appeared a jear 
afterwards, but was confined to that part of the skin onJv which had been in contact 
with tlie aad for half a minute , the other parts of the skin remained healthj , though 
tiiej had been exposed to tlie same small doses of X raj s 

The degree of the injunes vanes with the degree of over-exposure and nih 
the area 'tkteh has been erposed Even a senous oveT-erposure confined to a small 
area will do less harm tlian a comparativelj small over-exposure spread over a large 
area A case is reported in which the filter was forgotten, and on area of about 
13 square cm. received fullv five ervthema doses, but no ulcer followed The locahtv 
of the over-exposure is also important- 

Organs which are aormallj exposed to great wear and tear, like the feet, the 
hands, the anus etc., are verj susceptible m this respect The anus is exposed to 
pressure, friction and chemical tmtahon bv the fsces, and the soles of the feet to 
constant pressure m walking A case is recorded in which the leg had to be ampu 
toted ultiraatelj after the foot had been exposed to X rovs of moderate mtensi^, 
for eight minutes onlj , for treatment of an eexems The hands of numerous X rav 
operators are a proof of the severe injuries which mav foDow exposures to weak but 
often repeated doses but it has to be remembered that practically all these injuries 
were caused in the first j ears when the toxic effects of the X rays were not known, 
when the hands of the operators were invariably held between tube and screen to 
determine the quahty of the rajs or for demonstrations, and when no protecting 
boxes round the tubes were known If sudi injuries are caused nowadavs it is cer 
tamlv due to great carelessness 

All sorts of ointments have been tried in vain as remedies, but pam can be 
reduced and the process of healing favonrablj mfiuenced by applving wann moist 
compresses or diathennj, to stimulate the circulation of the blood over the injured area 

There is unfortunately no doubt that carelessness, and want of knowledge, 
skill, and experience in the application of X rays, hare claimed numerous victims 
already , but the benefits which mankind denv es from the X ravs are infinitelv greater , 
and the latter will go on increasmg, and the number of mistakes and acadents will 
become smaller, as the methods of raeasimns the dosages and of applvmg the X rays 
coirectlj become better known 
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CUAPTLU A 

PROTECTION 

In tl)C practice of rndioJofij the p^iUent and the operating^ staff are exposed to 
dangers from two sources, ond it is the first dulj of everyone who uses X rajs to 
minimize these nshs ns far as jiossiblc 

Tlic two sources arc the X raj's thcmsch cs and the high tension currents 
which go to produce them 

X ra\s affect the cells of tlie human body, and this fact, which was discovered 
soon after the rnj s tlicmsch es, fonns the basis of all X raj tlierapy Properly con 
trolled in regnnl to quiliU and qnantit\, \ radiation docs much good, but excessive 
ciliosure to it giics nsc to erjthcmn, dangerous bums not unlike cancer, and to 
slcnlitj, danngo to blood, etc Jforcorer, Uic effects of X rajs are cumulative, so 
that, Uiough mdmdual patients rcocnc doses uhich ore not harrnful, radiologists 
w*ho are not carcfullj protected will suffer, through exposure to small doses spread 
o^e^ necks or months or <ncn jenrs 

Tlie plrt siological effects of high tension current are muscular contraction, 
extreme shock, and immediate death if the voltage is sufficiently high and the dura 
tion of contact sufficicntlv long 

Tlie risks arc avoided bj preventing boUi the primary beam and the scattered 
rajs from reachmg tlic opcralmg staff at all, and by reducing the amount which 
reaches the patient to a minimum Iltsks of shock and accident from electric currents 
are avoided bj arranging lliat all leads and parts of apparatus which carry high 
tension cannot be touched unintcntionallj, whilst all other parts of apparatus must 
be cartlicd so that tliej arc at tlic same electrical potential as the human beings 
around tlicm 

There was much difference of opinion as to the best form which protection 
should take, and an X nj and Radium Protection Committee was formed m England 
some fourteen years ago, to investigate the whole problem This body issued two 
reports contammg a senes of recommendations, and m 1928 had the satisfaction of 
seeing them accepted as a basis bj all coimtnes at tlic Second International Congress 
of Radiologj in StocUiolm 

The points of the Committee’s work which concern us here are the 
following — 

I The dangers of o^er exposure to X rajrs and radium can be avoided by the 
provision of adequate protection ond suitable working conditions It is the dutj 
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of those m cha^ of X ray and radium departments to ensure such conditions for 
their personneh The known effects to be guarded against are — 

a Injunes to the superficial tissues 

b Derangements of mternal organs and changes m the blood 
I Working Hoobs, Etc 

2 The following workmg hours, etc , are recommended for whole-time X ray 
and radium workers — 

a Not more than seven workmg hours a day 

b Not more than five workmg days a week The oIf-da3 s to be spent as much 
as possible out of doors 

c Not less than one month’s hohday a year 

d Whole time workers m hospital X ray and radium departments should not 
be called upon for other hospital service. 

IL Geverai. X Ray RecommentiaTions 

3 X ray departments should not be situated below ground flc»r level 

4 All rooms, including dark rooms should be provided with windows affording 
good natural lighting and ready facihties for admitting sunshine and fresh air when 
ever possible 

5 All rooms should be provided with adequate exhaust ventilation capable of 
renewing the air of the room not less than ten tunes an hour Air inlets and outlets 
should be arranged to afford cross wise ventilation of the room. 

6 All rooms should preferably be decorated m bgbt colours 

7. X raj rooms should be large enough to permit a convement lay-out of the 
equipment. A minimum floor area of 250 square feet (25 square metres) is recom 
mended for X raj rooms and 100 square feet (10 square metres) for dark rooms, 
Ceilmgs to be not less than 11 feet (3 5 metres) high. 

8 A working temperature of about IS** C '65" F ) is desirable m X ray 

rooms 

9 ’Where^ er practicable the X ray generating apparatus should be placed in 
a separate room from the X rav tube 

ni X Ray Protective Recoitmendations 

10 An X ray operator should on no account expose himself unnecessarily to 
a direct beam of X rays 

11 An operator should place himself as remote as practicable from the X raj 
tube and, if possible, m the “ shadow ” of the target. It should not be possible for 
a well rested eye of normal acuity to detect m the dark appreciable fluorescence of a 
screen placed in the usual position of the operator 
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12 The X-ray tube should be surrounded as completely as possible with 
protective material of adequate lead equivalent 

13 The following lead eqmvalenls are recommended as adequate — 

X Rays Gen*eiu.te» by Aliviumi Equivilent 

Peak Voltages. TnicictfESS o> Lead 


Not exceeding 75 KV 

1 

mm 

.. » 100 „ 

15 


»* n 125 ,, 

2 


» 150 „ 

25 



3 


.. 200 „ 

4 


.. » 225 

5 



14 In the case of radiographj, the operator should be afforded protection 
from scattered rays by a screen of a rotoimura lead equivalent of 1 mm 

15 In the case of X xaj treatment the operator is best stationed completely 
outside the X ray room, behind a protective wall of a minimum lead equivalent of 
2 mm This figure should be correspondingly increased if the protective value of the 
X ray tube enclosure falls short of \alues given m paragraph 18 In such event 
the remaining walls, floor, and ceiling may also be required to provide supplementary 
protection for adjacent occupants to an extent depending on the circumstances 

16 Screemng examinations should be conducted as rapidly as possible with 
minimum mtensities and apertures 

17 The lead glass of fluorescent screens should have the protective values 
recommended in paragraph 13 

18 In the case of screening stands the fluorescent screen should, if necessarj , 
be provided with a protective ‘ surround,” so that adequate protection against direct 
radiation is afforded for all posibons of the screen and diaphragm 

19 Screening stands and couches should provide adequate arrangements for 
protecting the operator against scattered radiation from the patient 

20 Inspection windows m screens and walls should have protective lead values 
equivalent to that of the surroundmg screen or wall 

21 Efficient safeguards should be adopted to avoid the omission of a metal 
filter in X ray treatment 

22 Protective gloves, which should be suitably hned with fabnc or other 
matenal, should have a protective vralue not less than J mm lead throughout both 
back and front (including fingers and wnst) Protective aprons should have a mimmum 
lead value of J mm 

W EtECTMCAii PBECAvmo'ss IS X Ray Rooils 

23 The floor covermg of the Xray room should be of insulating matenal, 
such as wood, rubber, or linoleum 
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24 Permanent orerhead conductors should be not less tlian 9 feet (3 metres) 
from the floor Thej should consist of stout metal tubmg or other coronaless type 
of conductor The associated connechng lends should be of coronaless wire Xept 
taut by suitable theophores 

25 Wherever possible earthed guards should be provided to shield the more 
adjacent parts of the high tension ^’stem Afetal parts of the apparatus and room 
should be efficiently earthed, unless there are reasons to the contrary 

26 The use of quick acting double pole curcmt breakers js recommended 
Over powered fuses should not be used If more than one apparatus is operated 
from a common generator, suitable overhead multi wav switches should be provided 

27 Some suitable form of kilovoltmeter should be provided to afford a measure 
of the voltage operatmg the ra> tube 


In radiolherapj the same recommendations of course hold good, but the> are 
generallj apphed m a different waj The tube is surrounded, as before, by a protective 
box so that the primary beam is locahzed for the protection of the patient. The 
operator, on the other hand, is protected from scattered rays by bemg placed outside 
the therapeutic room or cubicle m which the patient is treated The walls, floor, 
and ceding axe of material with the requisite lead equivalent, and the pabent is 
obsened through a lead glass window 

In connection with the above recommendations some nork b\ Glocker should 
be noted m which he measured the lead equivalent of a number of substances used 
m buildmg, etc isee also Table XX.III, page 181) 

He found that the thickness of the several materials detailed below which has 
a lead equivalent of 1 mm is — 


Lead rubber 3 ram 

glass (1923) 9 „ 

„ „ (1926) 4 „ 


Banum slabs 14 mm 
Bncks 116 , 

Cement 62 „ 


From this it becomes apparent that the walls, floors, and ceilings of modem 
ferro-concrete buildmgs afloid more proteebon than was at one tune thought to be 
the case, and perhaps the use of barium m cement does occasionally err too much on 
the Bide of precaubon In view of the cost of such cement or banum blocks, this 
pomt wants careful considerabon by those responsible for desigmng X ray 
departments 

Turning to the quesbon of apparatus design, we are faced with two problems 
We must wholly enclose the tube m proteebve matcnal with the requisite lead 
equivalent, lloteo\ er, we must guard against scattered radiahon 

In Fig 137 we gee the elevabon of a couch and the elevabon and plan of a 
screenmg stand in which gas or Coohdge hot cathode tubes are employed A protected 
box whoUv encloses them, so that the pnmazj beam is confined to its proper place 
The scattered raj s, however, which emerge from all matter traversed bv the pnmao 
beam can freely penetrate the operator 
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In Fig 138 we see the devices which have been adopted to guard the operator 
against scattered radiation A lead collar is fixed on the front of the tube box to 
stop scattering in the air Every couch is fitted with a lead screen at the side, and 

GAS t COOUOGC TUBCS 





to tlie fluorescent screens of screening stands a lead rubber apron is hung In 
addition, two side wings or curtains of lead rubber are bung on the front of screening 
stands, so that students and observers standing on either side of tlie radiologist are 
also safe from scattered rays 

CAS £ C00UDQ€ 7W8CS 



rig 13S 



These precautions ha\e led, during the last few years, to a complete re-desigmng 
ot diaroostio appliances The light and flimsy couch and seteemng stand have given 
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enclosing tube bo-^ and of the addibonal lead protection against scattered 
radiabon 

^ The coming of the Self protected tube (see page 15), has altered matters 

somewhat Not only is the wholl\ enclosing protective bov unnecessary, but it is 
undesirable for reasons which have been explained on page 16 

We must not, however, assume that we can now return to the hght and simple 
couches and screenmg stands which were foimerlj in use Certainlj the big tube 
boxes are not wanted any more yvhere Self protected tubes ore used, but X raj's from 
such tubes are scattered m just the same way by air or bv the patient’s bodj , as the raj s 
from gas or Coobdge tubes The couch for a Self protected tube must, therefore, still be 
provided with the lead screen at the side, and the screenmg stand must still have the 
lead rubber side wings, the lead glass on the fluorescent screen, and the lead rubber 
apron hangmg from it Without these accessories the couches and screenmg stands 
are not safe, and m Fig 139 we see, djagrammatically, how the Self protected tube acts 



as its oirn prolectn e box, and how it must be used on couches and screeiung stand 
which protect the (perator from scattered rays m the same way as when other X ray 
tubes are used 

There has from tune to tune been a considerable amount of criticism of these 
recommendations Some radiologists have chafed under the restrictions upon free 
movement which result from them, saymg that actual dermatitis is avoided by much 
less precaution that recommended, whereas late effects due to action on the 
blood etc , are not j et proved Some manufacturers, on the other hand, have com- 
plamed that costs of pioducbon become so high when the recommendations are 
comphed with, that potenbal users are frightened by pnces and go to less conscienfaous 
producers who poob pooh the y^hole buaness 

To these doubtmg voices one can only replj that though the. quesbon of late 
and accumulated after-effects requires further mvesbgabon, there is quite enough 
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e\nclence of fir reaching change of long duration to warrant considerable precaution 
Secondly, the recommendations of the Committee, drawn up on exact physical facts 
are only recommendations It is open to any biologist who cares to take the responsi 
bditj, either from statistics or from expenment, to put forward altcmati\e suggestions, 
and to this end the subject was leviewed agam at the International Congress in 
Pans in 1031 Thirdly, the recommendations are now an international basis and 
the fact that other countnes ha\e felt the need to follow where Bntain led, is m itself 
evidence that our Committee is on the nght track 

Meanwhile, the recommendations tell us what precautions render us quite safe 
To Ignore them is to court disaster To reduce them is to take a risk the magnitude 
of which ne do not know 
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CHAPTER XI 


TABLES 

In order to faabtate reference there are collected together m this chapter the 
most important of the tables which appear throughout this book Added to these are a 
few more which may be of mtercst and bdp to the radiologist m his work The data 
ba\e been compiled as carefully as possible from current literature, and it is hoped 
that errors ha\e been reduced to a minimum Ihe author would be grateful to 
receive news of any corrections which may prov e to be necessary . 


GENERAL TABLES 
No I 


Atomic NuansEns, Symbols and IVeigitis. 


Atomic 

SCMBEBS 

Same 

Symbol 

Atomic 

IVeicbt 

Atomic 

KCMBEES 

Same 

1 

Hydrogen 

H 

1-OOS 

41 

Viobium 

2 

Helium 

He 

4 

42 

Molybdenum 

S 

T.tthiwm 

Li 

094 

43 


4 

BerrHium 

Be 

9-<»2 

44 

Rotbenjum 

S 

Boron 

B 

10-9 

4a 

Rbodinm 

« 

Carbon 

C 

12-0 ' 

46 

PaDadnan 

7 

Sitrogen 

S 

14-0 I 

4- 

silver 


Oxygen 

0 

10-0 1 

43 

EailTwiiim 

9 

Fluorue 

F 

19-0 

49 

Indium 

10 

Seen 

Se 

20-2 

50 

Tin 

11 

Sodium 

Sa 

230 ! 

SI 

Antanony 

12 

\lagnesram 

Mg 

24 3 


Tellununi 

13 

Altxnmuuin 

A1 


53 


14 

Silicon 

Si 

28 3 

51 


15 

Pbosphonu 

P 

310 

So 

Caesium 

IC 

Snlpbuc 

S 

320 

56. 

Banum 

17 

Chlonoe 

a 

355 

5- 

T an! haniim 

18 

Argon 

A 

39 8 

55-71 

Rare earths 

19 

Potassium 

K 

391 


nalmum 

20 

Calcium 

Ca 

400 

73 

Tantalum 

21 

Scandium 

Sc 

4a 1 

"4 

Tungsten 


'ntanium 

Ti 

491 

75 


23. 

\anadiiim 

V 

51-0 

“6 

Onmum 

24 

Chromium 

Ce 

520 


Indium 

23 

Jlanganese 

yiD 

54-0 

-8 

Platinum 

20 


Fe 

558 

, ^ 

Gold 


Cobalt 

Co 

589 

SO 

Mercury 

28 

Nickel 

Si 

58*7 

' 81 

Thallium 

29 

Copper 

Cn 

63 


Lead 

30 

Zinc 

2a 

6a 3 

' 83 

Bismuth 

31 

Gallmm 

Ga 

69-0 

84 

Polonium 

32 

Germanium 

Ge 

725 

1 8w> 

— 

33 

Arsemc 

As 

-4-9 

86. 

Radon 

34 

Senium 

Se 

792 

1 87 

— 

35 

Bromine 

Br 

79d» 

88 

Radium 

36 

Krypton 

Ivr 

82-9 

89 

Aetmmm 

37 

Rubidium 

Rb 

854 

90 

Tbonum 

38 

Strootium 

Sr 

8-6 

91 

Protactinium 

39 

tttnum 

'i 

S93 

92 

Lraniuta 

40 

Zitconinrn 

Zr 

900 

11 




At(I>I 1C 
SiusoL ttaicirr 
Si 93^ 

aio oe-o 

Rn IM-T 

Rb 1029 

Pd 1007 

Ac lO'-O 

Cd 1124 

lo 114 8 

Sn IIS-T 

Sb 121 8 

Te 12~5 

1 IS6-9 

Xe lSO-2 

Cs 132 8 

Ba IS- 4 

Za issg 

Hf 1-8 6 

Ta 181 5 

\\ 184-0 

Os 190-9 

If 193 1 

Pt 193 2 

Au 1072 

TTg 200 6 

n 2014 

Pb 207-5 

Bi 209 0 

Po 210-0 

St 222-0 

Ra 22G0 

Ac ? 

Th 232 1 

Pa ’ 

U 23&-a 
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No. II. 

Wave Lengths of Various Kays. 


RAYS. 

Wireless or Hertzian 
Heat . . 

Visible 

Ultra Violet . . 

X Rays 
y Rays 


WAVE LENOni. 

20 kilometres to 2 millimetres. 

8000 lift to 720 pin (= 7200 A.U.) 
7200 A.U. to 4000 A.U. 

4000 A U. to 2000 A.U. 

500 A.U. to 0 06 A.U. 

1 4 A.U. to 0 01 A.U. 


No. m. 

Ktlovoltage — Spark Gap — Boundary IV’ave Length. 


Tension 

Spark Oa» in Cji. 

Boundary 
Wave Lenctu 
IN AU. 

lev. (peak) 

Point Plate 

5 cm Spheres 

10 cm. Spheres 




00 

DO 

0 414 

40 

SO 

13 

1 3 

0 310 

SO 

72 

J 7 

} 6 

0 243 

60 

04 

22 

20 

0 206 

70 

112 

27 

24 

0177 

80 

lao 

33 

23 

0155 

00 

15 0 

30 

83 

0138 

100 

17 0 

43 

37 

0 124 

110 

10 0 

53 

42 

Oil? 

120 

21 0 

71 

43 

0 103 

ISO 

23 0 

37 

54 

0 095 

140 

23 5 


60 

0 088 

150 

275 


CC 

0 082 

160 

SOO 


74 

0 077 

170 

32 0 


82 

0 073 

180 

340 


OD 

0 069 

100 

SCO 


100 

0 065 

200 

3S 0 


11 0 

0 062 


No. IV. 

Variation or Intensity or Tpie or Exposure ivitii Distance. 

If Ij is the intensity of radiation as measured by some form of intensity meter 
at a distance d from the focus of the tube, then the intensity I, at some other distance 
X imder othen\nse similar conditions wUI be : — 

I. - I. X 5 

If ti IS the time of e.vposure which is necessary to produce a certain elfect at 
a distance d from the focus of the tube, then the time t, which is necessary to produce 
the satne-effect at some other distance x under otherwise similar conditions will be : — 
■ 
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No. V. 

Tensions Necessaet to Excite CiURACTEHisnc K Ravs in Certain Elements. 


Element Tension in K.V. (peak) 


Hydrogen 



OpUmum 
. . 0 003 

Minimum 

Carbon 



0 410 

0 29 

Oxj’gen 



.. — 

0 52 

Aluminium 



.. 

1-5 

Iron 



90 

7-1 

Copper 



.. IM 

8 9 

Zinc 



.. 11-3 

95 

Silver 



330 

25 7 

Tun^ten . . 



95 0 

70 0 

Platinum . . 



.. 108 0 

78 0 

Lead 



.. 120 0 

90 0 


No. VI. 

Comparison op the Old Description of X*eat rENEXJuxiNo Poivzr in Eqitvalent 
Spark Gaps wrm tee Modern Kilotoltage Notations. 





Old 

New 

Description 



EquiiAlrat Spark Gap 
Point Plate in cm. 

ICV. Peak 

Very soft . . 



3-4 

20-30 

Soft 



.. 4-0 

30-45 

Medium soR 



0-16 

45-90 

Medium hard 



.. 15-22 

90-120 

Hard 



. . 22-30 

12O-1C0 

Very hard . . 



.. 80-40 

160-210 


TABLES FOR DIAGNOSIS 
No. VII. 

Eeposurz Tabie. 

The following table gives the number of seconds of exposure which are necessary 
for various parts of the body at various voltages when : — • 

1. We use a hot cathode and one milliampire of current. • 

2. The current is obtained from a dosed core transformer vrith or vrithout 

rectifier. 
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3 Tlie distance from tube focus to film is 20 inches, i e , that which is 

used for Potter Bucky work 

4 The patient is a normal adult of about 12 stone weight 

5 Tt\o intensifying screens are employed 

6 No Potter Bucky diaphragm is used 



No VIII 

Metol Developer Forbiul.^ 

3 grammes Metol 

90 ,, Anhydrous sodium sulphite (or 180 grammes crystilhne) 

7 „ Hj droquinone 

50 „ Potassium carbonate 

5 „ Potassium bromide 

These chemicals ate dissolved m the order m which they appear above, in 
800 c c of tepid (preferably distilled) water The solution is then made up to 1 litre 
and employed undiluted 


No IX 


Acid Fixing Bath Foiqiuia 
1000 c c Water 

200 grammes Crjstalline sodium hyposulphite 
CO »» »» sulphite 

QQ „ chrome alum 

10 , 80 per cent acetic and 
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Kb. X. 

Eitect of Teiiperatoee on Tniz: of Developuext. 



12* 

14* 

IC* 

JB* 

20* 

22* 

24* 


Metol Hydroquinone . 

. 16 

10 

7 

5 

4 

3} 

3 

Hinutes 

Glycin 1:4.. 

. 30 

27 

24 

21 

18 

15 

12 


Rodinal 1 : 10 

. 10 

G 

4l 

3} 

3 

=1 

2 

.. 


TABLES FOR THERAPY 
No. XI. 

CoirPAEisoN OF Vamous Dosage ilETEE Readings is Soft UktHiTeked Radiation 
UNRITERED RADIATION. 


% U.SU. t 

> tb sb 

1 t 


T 


io lb 

t 

SO DO 

sioumL. 






s 

e 

1 

i 

I 

SABOURAJD. 1 

Wb 


(|b 



IB 

MB 

HOUKiEorr 


zit 



A 

5k 

f 

KHOOEtK. ( 


Ax 



ei 


1 

WnWtATOMAL J 
UrCSATION UNIT i 

1 



2^r 


*15 r 

5»r 


No. xn. 

COMPABISO'. OF VaSIOOS DOSAGE ^[cTEE READINGS Ps HaKO FiLTEBEP RADIATIOV. 

Cv niTERED RADIATION. 


% aso 

lb - 20 30 

*0 w 

ob 70 ^ 

90 DO 

B-aCGiCAL 




S 



b 


1 

SABOOBAUO. 

Ub t7B ^ 

(B H8 

MS ^ 

2teB 2}LB 

HOLZKNECKT. 

in 

6H 

9K 

EH 

KEnBQCOC 


30X 


sjz 

!NTB&<AT1CnAL 
DNISATICN UNIT. 

05t 


4!5r 

530r 
— » 
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No XIII 

Vaioatios or Skin Dose ^vhen the Ratio op Focus Pastiux Distance to Focus 
Skin Distance is Varied 
rractional Doses 

In order that a Sabourand B tint maj indicate 
100% 80% C0% 40% 20% USD on the skin, 

make the focus skin distance equal to 

2 2J 3 times the focus 

pastille distance See also fig No 87 on page 83 


MuUtpU Doses 

In order that a Sabouraud B tmt may indicate 

100 per cent 150 per cent 200 per cent, 
make the focus skin distance equal to 

2 15 14 times the focus 

pastille distance See also fig No 88 on page 83 


No XIV 

AriROXUIATE IlELATlOSSniP BETWEEN COPPEE AND ALUMINIUM FILTERS 
The relation between aluminium filters and filters of copper is as follows — 


0 1 mm of copper absorb about os mudi as 2 5 mm of alumi 

0 2 mm „ i» „ 5 mm 


intum 


0 3 mm 

0 4 mm 

0 5 mm 

1 0 mm 


7 5 mm 
10 mm 
12 5 mm 
25 mm 


No XV 

Which Wave Length in the X-Ray Spectrum has Maximum Intensity at Certain 


Tensions and Piltcbs 7 (Holzknecht ) 

Fn-TEB 

Tessiov Cu AI Most Intense 

K \ Peak mm mm Wate I^noth 

230 1 0 1 0 14 

230 0 5 1 0 15 

200 0 5 1 0 16 

175 0 5 1 0 17 

150 05 1 OIS 

150 _ G 0 22 

140 — 4 0 23 

125 — 1-2 0 28 

125 __ 0 5-1 0 27 


COHRESFONDS TO 
[KI Peak] 
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Nos XVI-\K 

PZRCEINTAGE DePTJI DoSB 

Tables Nos XVI— XX refer to the percentage of tlie surface mtensitv "whidi 
wJl be available at various depths below the surface 

This depends on— 

1 The quality of the radiation as gi\ en by 

<2 The boundaiy wave length, or tension reading 
b The filter 

2 The size of window on the skin 

S The depth below the surface of the object to be treated 

•t The antieathodfr-s lm distance 

In Table X\^I we ha\e the percentage of the surface mtensitj which is o'^ailable 
at 10 cm bdow the surface for various wave lengths or kilovoltages and ^ anous filters, 
when a wmdow G x S cm and an anbeathode skin distance of 50 cm are eroploved 
The tensions vaij from 73 K Y to 13S K V (tables for higher tensions are m preparabon) 
and the filters from 0 2 to 1 0 mm of copper—there bang added a constant 2 mm of 
alumimum Thus, if our radiation is generated by 05 K.V. (peak) or has a boundarj 
wave length of 0 13 A.U and we use a filter of 0 5 mra zme + 2 rnra alunuDium, the 
depth dose under the above condibon is 2S 3 per cent. We will call this Dj 


No W1 


Tension 

\o 



F 


Za + 2 mm- 



K V (peak) 

AU 

02 

03 

0-4 

05 

06 

07 

08 

09 

1 0 

138 


25 5 


005 

325 

34 2 

35 5 

36 6 

37-0 

37 4 



24 5 

272 

29 5 

31 5 

332 

34 4 

355 

SG 1 

S6 4 


on 

23 0 

26 3 

2S6 

304 

322 

335 

34 6 

35-0 

35-4 

103 


22 0 

25 4 

277 

29 4 

31 1 

32 5 

335 

340 

34 4 

95 


21 8 

24 5 

26 8 

28 3 

301 

31 5 

32 5 

33-0 

334 

88 

0 14 

20 9 

23 0 

25 8 

273 

291 

SO 5 

31 5 

32-0 

32 4 

82 


20 0 

go 

24 8 

26 2 

2S-0 

29 5 

30 5 

31 0 

31 4 

77 


19 2 

21 9 

238 

252 

m 

2S5 

29 4 

SO-0 

30 4 

73 


18 4 

21 0 

22 8 

241 

25 9 

=7 0 

2S4 

29 0 

29 4 
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Table XVII gives the \ariation of the percentage of the surface intensity 
aN nilable at a depth when we varj the size of the window 

Erom Table XVI or from our Kicnbock. or lontoquantimeter experiment, we 
ha\ e found the percentage depth dose Dj under the conditions mentioned above In 
Table XVII we find what this percentage becomes when the area of the wmdow (e) 
IS changed from G x 8 = 4S sq cm to something else Thus if = 28 per cent at 
48 sq cm wnndow, it becomes 81 7 per cent when the window area is increased to 
8 X 10 cm =80 sq cm We call this new percentage Dj 

Tables XVIII, XIX, XX gne the \ariation of the percentage depth dose, Dj, 
when the depth of the object (d) and the anticatliode-skin distance are changed D| 
IS the depth dose at 50 cm anticatliode-skm distance an d 10 cm depth of object 
Table XVIII gives the values for nnticathode skin distance of 25 cm , Table XIX for 
80 era , and Table XX for 40 cm Each of these tables gives the variation for varying 
depth of object 

Thus, if our anticathode ’ikm distance becomes 25 tm and the depth of object 
7 cm , tlic percentage depth dose, D, (31 7 per cent), becomes (see Table XVIII) 
83 per cent. If, however, the anticathode*skm distance is 80 cm and the depth of 
object 12 era , the value of D, (31 7 per cent) becomes (see Table XIX) 21 4 per cent 
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28 0 I 20 3 80 























No. XVIII— Focus Ski'* Distance I-'S •=» 25 cm. 
Eitect of Focus Skiv Distance os Dfitu Dqsi . 


TiVBLES 



177 


12 


18 0 19 































No Xr\ —Focus Skxh Distanct TS « 30 cm 
Effcct Off Focus Skin Distance on DrpTir Dosl 



10 0 I 21 














































No. XX. — Focus .Skis Distanck F2s « W cm. 
Euict op Focus Skis Distincp os Dpitii Dosp. 



179 


33 7 
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No. XXI. 

Biological Doses (Holfelder). 

so to 23 per cent USD pndaees eF3tl»e*na m an izifant 2 to 3 months old 

I to 6 


3 to SO . 

3 to S3 
5 to 45 
3 to GO 
J to 70 „ 
3 to SO „ 
3 to 100 
100 „ 
110 .. 
130 

) to SO „ 
3 to SO 
3 to SO „ 
3 to SO „ 
3 to so „ 


. M 7 to 12 „ „ 

() a child 1 to S i-ears old 
„ 2 to 3 „ 

„ 4 to 7 „ „ 

„ 7 to 101 „ „ 

„ 17 to 16 „ 

on adult 10 to CO „ 

„ CO to 70 „ 

„ 70 to 60 .. „ 

patients suffenng from esophthalmic goitre 
„ psonass 

» » >1 eczema 

t hypotonic cases 
1 patients suffenng from diabetes 


50 to 70 per eent USD. produces pigmentation 
60 „ „ „ „ epdatioo 

150 to 180 „ „ „ „ cfythema Inillosum 

180 „ „ „ „ ulceration 

31 per cent U.S D wiU destroy oranao foQides 
60 to 70 „ „ „ » sarcoma cells 

00 to 110 m m >• MM carcinoma cells 

135 „ n „ „ n tolesUnal tissne 

160 M ,, „ „ M muscular tissue 

50 M M n MM tubemlar tissue 
n M t. M the ST^eeo 


TABLES FOR PROTECTION 

No. xxn. 

Lead Photection Recommended for Vaeious Tensions 

(British Protection Committee). 

The foUotnng lead equiTalenls are recommended as adequate : — 


Not exceeding 75 K.V. 

100 
125 
150 
175 


In the case of radiography, the operator shotdd be aHorded protection from 
scattered rays by a screen of a nnmintmi lead equivalent of 1 mtn. 
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No. XXIII- 

Tnr. Lead Equivalent of Various Materials (Dr. G. W. C. Kaye). 

Aflcr the major part of this book had pone to press, my attention vas called 
to the following table, published in the British Journal of Itadiology by Dr. Kaye, with 
whose permission jt is reproduced here. 

Architects and others who design radiological departments will derive con- 
siderable information as to the protcctisc qualities of walls — notably m regard to 
concretes of ^nrious composition. 



Birlam Plaster 
2 parts coarse IlaSO, 

2 „ fine „ 

1 „ I’ortlanil cement 


Conerete 

4 parts Slone ctiippmin 


Conerete 
4 parts Clinker 
1 „ Cement 


Concrete 
4 parts Geanitc 
1 ,, Cement 
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Caixe 25 DE Mayo 347 

NEW ZEALAND 
CoRT-W'mcRT & Salmon 
WEL ixsGTcet & Auckland 

EGYPT 

M L Ber-man 

P 0 Box 106, Cairo 

SOUTH AFRICA 

The S a Dental & ScRCiau. 

Manutactcring Co 

41 5 BCRG St , Cape Town 

CHINA 

W C. Jack & Co Ltd 

12 Des Vcece Road Central 
H eso Rose 

INDIA 

Malghaai Bros 

26 Custom House Ra\D 
Fort, BostR-AT 





